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This Association, as a body, is not responsible for the statements or opinions of any of its members. 


SANITARY PROTECTION OF PUBLIC WATER SUPPLIES. 


BY ALLEN HAZEN.* 


I am going to speak to you to-day about the relations between water 
supply and disease, and about what is done and may be reasonably done to 
keep public water supplies from carrying disease, and from ever being in a 
position where those who take the water may have well-grounded anxieties 
as to the safety of the supply. 

I propose to discuss this matter in very general terms, and with par- 
ticular reference to the developments of the last years, that have put at 

our disposal new and most useful methods of control. 

The progress that has been made has been so great that there are now 
few public water supplies in American cities that ordinarily cause disease 
among those who use them. The improvement in this respect as compared 
with conditions of thirty years ago is very marked. Conditions that were 
common and that were regarded with indifference in 1890 would be 
intolerable in 1921. 

The question now presented is not so much how to keep our water 
supplies free from disease-producing qualities, for that question has been 
answered; but rather to see what precautions may best be taken to se- 
cure safety without duplicating to an unreasonable extent parallel lines of 
defense when this involves added cost and an unreasonable burden on the 
people who pay the bills. 

The question is to be taken up primarily from the standpoint of surface 
supplies. Such supplies from rivers, lakes, ponds, and artificial reservoirs 
constitute a large part of the public water-supply systems of New England. 

It is unnecessary to even mention to you at this time the ways in which 
these waters become polluted; and the reasons for preventing or removing 
the effects of the pollution. Our late president, W. T. Sedgwick, contrib- 
uted greatly to the knowledge of these matters, and you are all familiar 
with them. 

The general satisfactory conditions of public water supplies to-day 
may be largely attributed to the fact that knowledge of these matters is so 


* Of Hazen, Whipple & Fuller, New York. 
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generally distributed that there are men in practically every community 
who know where the danger lies and are on the lookout for it. 

The principal methods of protecting these supplies, and those who use 
the water, from the effects of injurious pollution may be briefly enumerated. 


1. OWNERSHIP OF CATCHMENT AREAS. 


Ownership permits trespassers to be excluded, and theoretically gives 
complete protection. But we well know from practical experience that 
even ownership does not quite accomplish this result. Trespassers do get 
on the land and at the water. Even the water-works people themselves, 
including necessary inspectors, and the men who must be sent upon the 
ground to plant the forests and to cut the old trees and to repair fences, may 
sometimes be careless; and their presence represents some danger to the 
water supply. If the catchment area is large, roads and even railroads 
must be permitted to cross it, and in every case something of full efficiency 
islost. The ownership of land to control the quality of the water supplies is 
very general in American water-works systems. It is more often partial 
than complete. Parts of catchment areas from which pollution is particu- 
larly feared have been purchased. Often those parts that could be pur- 
chased have been bought and other parts remain in private ownership. 


Ownership of land is a useful method. Sometimes it is indispensable. - 


Frequently it is costly. 


2. SANITARY SUPERVISION OF THOSE Wuo LIvE ON CATCHMENT 
AREAS. 


This applies to areas that are not owned by the water works. Some 
supervision is attempted in nearly all cases, except where the catchment 
area is very large. Leading is better and more effective than driving; and a 
kindly-disposed sanitary inspector authorized to do various things at the 
expense of his employers gets along with residents and cleans up bad con- 
ditions where legal pressure, under drastic laws, is slow and expensive and 
frequently fails in the desired results. A great deal of good is accomplished 
by sanitary supervision of rural populations upon catchment areas from 
which domestic water supplies are drawn; and a considerable part of the 
danger that would otherwise exist because of such populations can be, and 
actually is, removed in this way. 


3. TREATMENT OF SEWAGE FROM TOWNS UPON CATCHMENT AREAS. 


Such treatments of sewage are carried out by or for the towns and 
villages upon areas tributary to the water supplies of Boston, New York, 
and other cities. In the case of the Boston supplies it is fortunately possi- 
. ble, in most instances, to take the treated sewage out of the catchment 
areas; and in this case the protection is more complete than it otherwise 
would be. In other cases this cannot be done. 
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It would be a happy condition if catchment areas could be always found 
where such sewage treatments were unnecessary; but there are many cases 
where this is not possible, and the best must be made of conditions as they 
exist. Fortunately, experience and observation extending over many years 
show that these matters can be managed, especially when the quantities are 
not too large and all other conditions are favorable, so that the risks to the 
water supply are greatly reduced. 


4. PURIFICATION OF WATER BY NATURAL AGENCIES. 


This related especially to that which occurs when water is stored in a 
large reservoir. The disease-producing qualities of water, represented 
mainly by bacteria, are not usually long-lived; and when water is detained 
for months, or even for weeks, the risk of its serving as an agent of trans- 
mission is reduced. The purification of water by storage in this way has 
been an important element in maintaining the excellent sanitary quality of 
many supplies. It has its weak points, but notwithstanding them it has 
been one of the most useful methods in checking the spread of water-carried 
disease. The dangers in connection with it are, first, short-circuiting, mean- 
ing thereby the flow of polluted water through the reservoir to the point 
from which water is taken by a direct course and in a short time, while the 
bulk of the water in the reservoir remains outside the current of flow; and, 
second, the loss of action at the time of refilling after the reservoir has been 
emptied, or nearly emptied. Reservoirs are constructed primarily to main- 
tain the volume of supply; and to serve their function fully in this respect 
the water must be used, and the reservoir emptied when there is occasion 
for it. After this happens, the reservoir is again filled with water that fre- 
quently comes in with a rush following a rain at the end of a dry period. 
At such times the protective action of storage is temporarily destroyed. 
In a few cases — such, for example, as that of the Wachusett Reservoir — 
the reservoir has been deliberately built larger than otherwise necessary, so 
that it would never be necessary to empty it, for the purpose of affording 
additional opportunities for purification by storage. 


5. FILTRATION. 


Without going into particulars, I shall include under this head, coagu- 
lation and all the other chemical treatments that are sometimes used in 
connection with it, and the basin treatments that precede it. By filtration 
of water, impurities are removed more or less completely. Some impurities 
are removed completely, others in part only. The bacteria, that must be 
removed to stop the disease-producing properties, are very small in size. 
To stop them completely requires either an exceedingly fine strainer, such as 
a Pasteur filter, or a sand filter of the very best construction, or else a well- 
adjusted chemical treatment that serves to tie up and entangle the little 
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bodies and make their removal in the sand easier and more complete. 
Looking to standards that were common some years ago, filters could be 
counted on to remove 95, 98, and even 99 and in some cases 99.9 per cent. 
of the bacteria of the applied water. The varying percentages depended 
in part upon the competence and adequacy of the plant and upon the skill - 
used in its operation; and in part upon the quality of the water. Some 
waters are more easily treated than others, and higher bacterial efficiency 
is obtained from them, other conditions being equal. 

In the last years there has been an undoubted tendency to cheapen 
filtration processes at the expense of their efficiency, and to depend in 
greater measure on other lines of defense. 


6. DISINFECTION. 


_ By this is meant the application to the water of a substanée which acts 
as a poison to bacteria and destroys them, even when applied in such 
minute quantities that it is not injurious to the people who drink the water. 
There are other disinfectants, but at present chlorine is the only one that 
requires consideration. Disinfection is the most recent of the major pro- 
cesses of water protection now in use. It first came into use in the United 
States about 1906. The first disinfecting material was hypochlorite of 
lime. Chlorine began to be used a few years later, and proved to be better. 

Under some conditions chlorine can be used so as to almost entirely 
kill the bacteria of the water; but there are other conditions under which 
the action is less complete. If the water carries organic matter, chlorine 
may be absorbed by it before the bacteria are reached. The dose must be 
carefully adjusted to cover the needs of the organic matter of the water 
treated and to leave a surplus sufficient to dispose of the bacteria. On the 
other hand, this surplus must not be so large as to be too troublesome by im- 
parting tastes and odors to the water. If chlorine is applied to water that 
has not been filtered, there may be masses of organic matter which shelter 
bacteria in their interiors and protect them from the action of the chlorine 
during the short period during which there is an effective amount of chlorine 
in the water. Some colored river waters have been found to require very 
large doses of chlorine for their disinfection, and it is not impossible that 
the organic matter in them in a colloidal condition may sometimes play an 
important part in protecting bacteria from the action of the chlorine. 


Having now briefly mentioned the major agencies by which water is 
protected or freed from disease-producing qualities we may consider their 
application to public water supplies. 

If one line of defense is 100 per cent. perfect and can be always de- 
pended on, we might concentrate on that in a particular case. If it were 
fully sufficient all the other agencies might be abandoned and the water 
would be safe. But no one of these lines of defense is so perfect and so free 


4 
A 
AB 


HAZEN. 


from danger of interruption and of irregularities in operation that we can 
afford to tie up to it to the neglect of all others. 

Full safety is only secured by the use of several lines of defense. There 
are SO many variations in conditions and in the possibilities of water supplies 
that generalizations may not be wisely undertaken. In each case the possi- 
bilities of protection must be considered, and lines of protection arranged to 
supplement each other and work together to produce a degree of protection 
and safety that is sufficient. 

We must not go to unreasonable extremes. Human lives are valuable 
and must be carefully protected, but it is not to be reasonably expected 
that water supplies will be built that will never transmit any case of disease. 
To expect that is as unreasonable as to expect that railroads will be built 
and operated so that there will be no accidents. The underlying basis of 
what it is really worth while to do is much the same way in both of these 
cases. Risks may be estimated and values assigned to them, and the works‘ 
required to eliminate and reduce these risks must not be unreasonably 
costly in comparison with the fair estimated values of the risks that they 
replace. 

This may seem a cold-blooded way of considering a matter of public 
health; but is it not a sound, sensible way? And is it not the only way 
that will stand the test of final analysis? In deciding what lines of protec- 
tion are to be used, and how far each is to be used, do we not have to 
compare the cost of applying each with the reduction in risk to human life 
that is eliminated by its use, and see whether it is worth while? 

In discussions of the matter it may not always be wise to state the 
proposition bluntly. We may simply say in our reports that such and such a 
risk is too small to require consideration in a certain case. _But this is only 
a general statement. If it is good for anything it must rest upon some com- 
parison of the risk and its value with the cost of the works needed to 
eliminate or at least to reduce it. 

As a matter of engineering, we usually have the choice of several 
methods of defense. To use all of them to the fullest extent would be to do 
more than the business warrants. It would: be piling up costs against the 
water takers, beyond the point where all appreciable risk has been elimi- 
nated. As we do not need to use all the lines of defense to the limit, how 
shall the selection be made? 

This will need careful study. We need to know how to select those 
lines of defense that will give us the desired security with the least cost and 
with the least disturbance to existing desirable conditions. Often the 
answer will be found in the application of several lines of defense. For 
instance, taking the first one enumerated above — it will be worth while to 
buy and control, as completely as ownership gives control, certain parts of 
the catchment area. These parts will naturally be the areas along the 
streams and near the intakes and above the reservoirs. They may also 
extend to areas which, because of topography and other conditions, are 
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more than unusually favorable for future occupation and pollution. The 
cost of the land must be considered. It will be worth while to buy large 
areas of cheap wild land. It will not be worth while to buy highly devel- 
oped property that has been arranged to prevent pollution. A great deal of 
protection may be secured by ownership, even though only a fraction of the 
whole catchment area is acquired. 

With the aid of other lines of defense, and with sanitary supervision, it 
may be possible to draw safe water from catchment areas on which farming, 
grazing, and forestry and other enterprises are conducted. The use of 
catchment areas for park purposes and as a recreation ground for summer 
visitors may also be considered. There are some extra difficulties, because 
occupants of this class may be harder to keep in order than permanent in- 
habitants. Still the advantages of such double use of mountain areas are 
very great; and, if other lines of defense are well developed, there is no 
' valid reason why this should not be done. 

The storage in large reservoirs often or usually helps in maintaining 
the safety of the supply, but it is not to be depended upon at all times. It 
fails to be reliable when heavy rains follow droughts that have depleted the 
reservoir. It has been one of the great elements in maintaining the sani- 
tary quality of some of our supplies, even though it is not efficient at all 
times. 

The progress that has been made in the last decades in filtration and 
disinfection has been so great that the idea has sometimes been expressed 
that with such treatments it is no longer necessary to keep up other lines of 
defense. It has been thought by some that it was unnecessary to purchase 
lands on catchment areas for protective purposes, and that it would even be 
possible with the filtration of the water to seal great areas of such lands 
previously purchased. It has been suggested by others that sanitary 
supervision of the population on catchment areas could be reduced or 
eliminated when the water was filtered. Such ideas can hardly be accepted 
as representing sound judgment. The protection afforded by filtration and 
disinfection may be made very compléte; but new discoveries are constantly 
being made, and new points of view are reached as more is known. The 
importance of each new advance is apt to be exaggerated at the time. 
Subsequent experience often shows unexpected drawbacks. We do not 
even know about all of the disease-producing qualities in water well enough 
to be sure that all of them are eliminated with the bacteria that we count, 
and on which present judgments of the efficiency of the processes are mainly 
based. 

The test of filtration by laboratory methods may seem wonderfully 
complete and but little short of the ideal, but actual experience through a 
term of years brings into play other influences that must not be forgotten. 
Unusual conditions when the water is more difficult to treat occur perhaps 
only at long intervals. There are difficulties at certain temperatures, 
coming each year. The purification of water at the freezing point and at 
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summer heat are quite different matters. Then there is the human element; 
success in operating depends upon unrelenting vigilance as well as upon 
skill. Accidents will sometimes happen to locomotive engineers; and 
accidents will sometimes happen to filter operators, and to the men who 
regulate the chlorine. These things must be given their due weight in 
considering the whole problem. Not an unreasonable weight, to be sure, 
but they must be judged in the light of broad practical experience. 

As the chlorine kills nearly all the bacteria, we may logically let up on 
the rigidity of our filter requirements; but how much? Can we put the 
filter back to the point where it is only a rough strainer? Or is it not wiser 
to keep, even at added cost, the major part of the splendid efficiency that 
was obtained by the best filters before chlorine was used? And with these 
processes of filtration and disinfection in use is it not wise to retain to the 
full ordinary limit the sanitary supervision of rural populations developed 
before disinfection began? This is usually an inexpensive part of the pro- 
tection, and it certainly produces results in the safety of the furnished water 
supply. 

The question of the ownership of the land is a difficult one. There has 
been much discussion of it. Divergent views have been held and warmly 
advocated. Some cities, especially in the west, have been ambitious to own 
their entire catchment areas, and a few have come very near to realizing 
this ideal. In the East the difficulties of large ownership are greater, but 
there are few eastern cities using impounding supplies that have not made 
serious efforts to control at least the points of greatest danger. Looking at 
it broadly this has certainly been a wise policy. It may seem less necessary, 
now that filtration is so generally used and chlorine applied, but it is 
certainly in the line of safety. 

Then there are the supplies — not very numerous, to be sure, but there 
are very important examples — where the sanitary quality reached by the 
lines of defense already in use has been so high that it has not been thought 
necessary to use chlorine. Some of us think, even in these cases, that the 
use of chlorine as insurance against remote contingencies would be worth 
while, but we must admit that results actually obtained without it leave 
little ground for criticism. 

In these cases, with no chlorine, there is not risk of the tastes and odors 
that so often follow its use, and there is also a pride in having a water of so 
good a quality that it does not need disinfectant to improve it. 

The standards of quality of public water supplies have increased, and 
will no doubt increase still further. When water that caused only a few 
deaths replaced water that caused a great many deaths, the improvement 
was so great that it seemed at first to be wholly satisfactory. As years go 
by, and our students and laboratory men study the cases minutely and 
find out what is happening, they sometimes find that conditions might be 
still better. Standards are again raised, and still better water is demanded. 
The art of water purification has advanced in the last decades to meet these 
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demands. How far it has yet to go and how the best-informed sanitarians 
of the future will regard the qualities of water now supplied can only be 
disclosed by the future. It is certain that polluted waters of years ago 
produced more disease and more deaths than can be accounted for by pres- 
ent theories of water-carried disease. When we have stopped the bacteria 
that are counted in the laboratory, have we stopped all the disease-pro- 
ducing qualities of the water? That is what we do not yet fully know, and 
until that question is answered more conclusively than there seems to be an 
immediate prospect of its being answered, we shall do well, within reason, to 
stick to all the approved lines of defense that are in use, and that can be 
economically maintained without going to unreasonable extremes. 

In the meantime there is much to be done. Information is ahead of 
practice. There are opportunities in New England and throughout the 
country to secure added safety by the better application of well-known 
methods; and it is for us to see that no promising opportunity is lost. 


DISCUSSION. 


Mr. FraNK W. GrEEN.* There are three minor lines of defense that 
Mr. Hazen did not touch upon, which in our case are becoming of consider- 
able importance. These are typhoid innoculation of the inhabitants of the 


watershed, proper handling of typhoid patients, and the establishment of © 


swimming pools by the cities, on or adjacent to watersheds. 

Typhoid Innoculation. Every one should be immunized against ty- 
phoid fever. During the war millions of soldiers were innoculated, and the 
results warrant us in making it universal. The period of immunization will 
probably increase, as in small-pox vaccination, until those that have been 
caught young will require but one or two treatments to last a lifetime. In 
some countries typhoid fever is so infrequent of occurrence that young 
medical students have difficulty in finding cases for study. There is no 
reason why this disease of filth and carelessness cannot be banished from 
our country. Are we doing our whole duty in this matter? 

Handling of Typhoid Patients. Doctors and nurses should be held 
responsible for secondary cases occurring from patients under their charge, 
and cases occurring on a watershed should be removed to a less hazardous 
locality. We heard this morning about the typhoid epidemic at Salem, 
Ohio, which was directly due to a single case being so carelessly handled that 
the entire water supply became infected. These people had undoubtedly 
been drinking their own sewage for years without ill effects, but as soon as 
unsterilized sewage from a typhoid patient entered their water supply, a 
very severe epidemic developed. 


* Superintendent, Filtration, Montclair Water Company. 
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Swimming Pools. Bathing has become very popular, the last few 
years, and some cities have established natatoriums so that their inhabi- 
tants may have proper facilities for indulging in this most healthful sport. 
Others are not so decent, and the younger residents, at least, will bathe in 
any pool or river that they may find, irrespective of what subsequent use 
this water may be put to. Notices and watchmen are of little avail on a 
large watershed. Many will use a river for bathing even when they know 
that they are to drink the same water, and as a matter of fact it does not 
appear to affect the bacterial quality of a supply to have even large numbers 
of people use it for a swimming pool, so long as they are not typhoid 
“ earriers.”” From an esthetic standpoint it is very undesirable to have a 
supply used in this manner. 

Mr. A. Prescotr Fotwetu.* There is another source of danger of 
typhoid, that is growing more important, and while it is not, perhaps, of 
direct concern to the water-works men, in a way it may directly appeal to 
them, — and that is what we may call “touring typhoid.” 

During the last two or three years a large percentage of the population 
of the country has taken to spending frequent vacations in touring the 
country in automobiles, and a great many of them, especially in the middle 
West and far West, spend a large percentage of their nights sleeping out 
rather than in hotels. 

At first each person or each party camped where they could find a con- 
venient and inviting spot, but as time passes, and quite rapidly in fact, 
certain spots are becoming popular, and you will find in many of them one 
or more camping parties almost every night during the camping season. 

Now, a great many of these are absolutelyin no proper condition as to 
either the water the parties drink or the sanitary arrangements that they 
make at their temporary, one-night stands. It seems to me that some con- 
trol of this matter ought to be instituted. It hardly seems possible that the 
city authorities (or, as most of these camping places are outside of the city 
limits, we will say the state authorities) can take the pains to make frequent 
inspections of all these places. They may not be directly interested in 
conditions at such places, but indirectly they are, because typhoid con- 
tracted through carelessness of these people in the country is of course 
brought back to the city when the tourists return to their regular homes. 

In the West a great many cities have established camping places 
within or near their borders, put up signs, and established both sanitary 
conveniences and cooking conveniences, places for throwing lunch boxes, 
banana skins, and one thing and another, and also have extended a line of 
small pipe from their water-supply system to furnish pure water to these 
campers. In that way it seems to me it may directly concern some of the 
water-supply people, and if they have near their cities such places fre- 
quented by campers, I wonder whether it would not be worth while, in the 
interest of the citizens themselves, to carry pipe lines out there and place 
* Engineering Editor, ‘‘ Public Works,” New York, 
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one or two faucets for the convenience of the campers, so furnishing pure 
water, and not tempting them to drink water of doubtful purity, as they 
might get it in creeks or springs at the spot near where they camp. 

Mr. X. H. Goopnoveu.* There has been little trouble thus far from 
camping, which is becoming quite common just now, so far as public water 
supplies are concerned. But I passed a reservoir, the other day, with a 
public camping ground just established across the road from it, and I think 
that more attention will have to be given to this subject before very long. 
It comes within the sanitary control of watersheds, however, and I think it 
is easily handled if the water-works authorities choose to take care of it. 
I have seen no difficulty thus far in places where there is an efficient 
enforcement of sanitary rules. 

Mr. STEPHEN DEM. Gace.t The turn that this last part of the dis- 
cussion has taken brings a thought to me which we have recently been dis- 
cussing in Rhode Island, — the fact that automobile tourists throughout 
the country are passing over roads which a good many times are very close 
to reservoirs of public water supplies, or which pass through the watersheds, 
near some brook which feeds into that supply. 

Our sanitary facilities throughout the country for tourists are particu- 
larly poor. There are no comfort stations except in the larger cities, and 
people often do not know where these are. If you go touring through the 
country districts, you will find many automobiles drawn up at the side of 
the road and the people getting out and going into the woods. Of course we 
can imagine what they go for. If this happens to be on the watershed of a 
public water supply, this constitutes a possible means of contamination of 
that supply. We have had in the past a number of epidemics of typhoid 
fever which were brought about by chance contamination of water by an 
individual camper, — by a fisherman, or something of that sort. Just a 
single instance of contamination may produce an epidemic. In order to 
play the game safe we must take this condition into consideration as well as 
some of the other conditions of which we have been speaking. 

Mr. Hazen. The control of this matter is purely a question of ad- 
ministration. I do not know that I can give any safe general rule. Some- 
times decisions rest with the city and its representatives, and they are the 
people most directly interested and that seems to be the ordinary natural 
way. At other times, as we know, state authorities determine what is to be 
done, and not infrequently there is more or less difference of opinion and 
sometimes friction when the local authorities think that the requirements of 
the state are unreasonable. 

I do not think that any general rule can be established, nor do I think 
that the method of procedure affects the problem of what may reasonably 
be done in these matters. 


* Chief Engineer, Massachusetts State Department Public Health. 
+ Chemist and Sanitary Engineer, Rhode Island State Board of Health. 
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Mr. Harrison P. Eppy.* Mr. Hazen has summarized this subject 
very completely, but: I noticed that he did not mention one thing which 
is very important. 

We may establish as many lines of defense as we choose, and yet there 
remains the item of constant vigilance, which is, after all, a fundamental 
thing. I will illustrate my point by experience with one case, to which 
possibly Mr. Hazen referred, where the sewage of the small city was diverted 
from and treated entirely outside of the drainage area of the water supply. 
It would be presumed that that line of defense was effectually established. 
A separate system of sewers was built, which, of course, was not intended to 
receive street drainage and other surface water. However, in the course of 
some years, connections of one kind or another were made, either acci- 
dentally or surreptitiously, so that in times of storm the main sewer became 
surcharged and overflowed through a manhole in a public street within a 
comparatively short distance of a reservoir used as a part of the water- 
works system. The sewage which overflowed the manhole ran over the 
surface of the ground down to the shore of the reservoir. That is an illus- 
tration of a lapse in a line of defense thought to have been well established, 
and illustrates the point that even with lines of defense, constant vigilance 
is required to obtain the desired results. 

Mr. Avert B. Hitu.t I was much gratified that Mr. Hazen gave 
considerable weight to long storage in large reservoirs. Those who have to 
do with filtration plants of various kinds have their troubles. We know 
that in large reservoirs the pathogenic germs cannot live very long, and 
that the opportunities for sedimentation and oxidation by action of winds 
and waves has a very important purifying effect. 

There is a general feeling among laymen — the general public — that 
they like to have their water pure rather than reformed. If you have very 
large reservoirs which can be kept pretty nearly full most of the time you 
get the condition of large, natural lakes; but with the advantage that in the 
case of the large reservoirs they are generally well policed and protected, so 
that they soon become in the nature of large lakes of pure water. That is 
what the people like, rather than water that it is very necessary to treat 
with chemicals before it is safe to drink. 

Mr. Hazen paid some attention to that. But I think that line of de- 
fense might be emphasized considerably. When we have large storage 
reservoirs we kill two or three birds with one stone; it is not so necessary to 
treat the water, — you get comparatively pure water, from the beginning, 
that the people like, and you get an abundance of it. These are desirable 
things and worth a great deal. 

Mr. J. E. Garrett.{ Is there not one line of defense which has not 
been mentioned? We buy land adjacent to our reservoirs and patrol it 


* Of Metcalf & Eddy, Boston, Mass. 
+ Consulting Engineer, New Haven, Conn. 
t Assistant Engineer, Hartford, Conn., Water Works. 
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very carefully, and filter the water; and after filtering the water, or chlori- 
nating it, we then send it out to the city, and certain places may have other 
sources of supply connected with our system where the water is not so pure. 
It seems to me that that might be a very important line of defense, — that 
we should prohibit any connections with city water. As everybody knows, 
Hartford has been struggling with that problem for some time, and it seems 
that that is a very important line of defense. 

Mr. Driven. I should like to hear the gentleman say what steps he has 
taken to do away with such pipe connections. It would be very interesting 
to any of the rest who have struggled with it, and usually with rather poor 
success. 

Mr. Garretr. That particular question has been discussed in the 
engineering magazines, and probably everybcdy knows of Mr. Saville’s 
ideas in regard to it, — that there should not be those connections,— and 
his point has been very strenuously fought by the manufacturers, but the 
board has adhered to its ruling but has extended the time a little again, so 
that the manufacturers may have time to eliminate their connections; 
and now we are all working together on that problem, and the manu- 
facturers appear to have become of the mind that the connections should be 
eliminated, and the elimination of them is in progress now. Those con- 
nections about which there has been so much discussion are connections 
that were protected by double checks of an approved type. Other con- 
nections, which were not protected in that manner, have been disconnected a 
year and a half ago. 

Mr. GeorceE F. Merritu.* This discussion brings up possibly another 
factor, the distribution system. Where the pipes are laid in the streets 
whether or not it is customary for some of the works to put service pipes 
and sewers in the same trench, or in the street to lay water mains very close 
to sewers. In my experience I found one case where a break in a sewer oc- 
curred and a break in the water pipe occurred at the same point. If the 
pressure had been reduced in the water pipe the sewage would have 
gotten into the main pipes from that source. It seems to me a pretty good 
idea to keep them a good distance apart. 


* Superintendent, Water Works, Greenfield, Mass. 
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A DESCRIPTION OF THE WATER WORKS OF THE 
BRIDGEPORT HYDRAULIC COMPANY. 


BY SAMUEL P. SENIOR.* 


[September 13, 1921.} 


Mr. President and Gentlemen, — In the first place, the system is practi- 
cally a gravity supply. We have two emergency pumping stations, —one 
located at North Bridgeport and one at Fairfield. 

There are four main and distinct lines of pipe coming to Bridgeport 
from four gravity systems. The most easterly one is what we call the 
Beaver Dam System. 

The principal reservoir on the eastern system is Trap Falls. It has a 
storage capacity of 2300 million gallons, and has an elevation of 312 ft. 
above mean high water. 

I might say here that Bridgeport, on the whole, is located very close to 
high water, — between 15 and 30 ft. above high water, — so that you can 
see from that just about what the pressure would be. 

A 30-in. pipe line comes directly into the city from Trap Falls Reservoir. 
It has very little drainage area of its own, but two contributory areas are 
piped into it by means of 30-in. and 36-in. pipe. One, Far Mill River, has a 
watershed of 6 square miles,and Means Brook a watershed of 7 square miles 
piped through a 36-in. pipe four miles long. That supplies the east side of 
Bridgeport, Bridgeport being divided by the Pequonnock River into the 
east and west sides. 

The more central system is from the Island Brook gravity system. 
That feeds into Bridgeport through a 24-in. pipe, and Canoe Brook above 
it stores a 300 million gallon capacity. This is a comparatively small part 
of the supply. That runs in from an independent 24-in. pipe to Bridgeport. 

The next towards the west is the Easton System, whichincludes No. 1, 
or Lower Easton Reservoir, and the Upper Easton Reservoir. This lower 
reservoir is piped direct into Bridgeport, and is fed by the No. 2 Reservoir. 
The lower reservoir has a watershed of about 13 square miles, and has a ca- 
pacity of 200 million gallons. The upper one has a capacity of 900 million 
gallons. The water comes into Bridgeport through a 30-in. pipe, about 
three quarters of a mile of which runs through a tunnel, and is reduced 
near Bridgeport to a 24-in. pipe. 

We have started to build a dam at this point which will impound 6 
billion gallons. It will have an elevation above mean high water of 300 ft. 
That has been started. The plant is now set up to complete it, but owing to 


* President of Bridgeport Hydraulic Company. 
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unfortunate conditions that prevail the work has been stopped. It was 
started in 1917. 

The principal supply of Bridgeport comes by gravity from the Hem- 
locks Reservoir. This reservoir has a capacity of a little less than 4 billion 
gallons. It has a total watershed at the present time of 22 square miles, 
most of which comes from the Aspetuck River, this river being diverted by 
means of a low dam from its own watershed. We have planned out for the 
future a system whereby the Saugatuck River, west of Hemlocks, will feed 
into the Aspetuck and thence into Hemlocks. Our plans are made for this, 
the dam is designed, and the survey is all made, and much of the land has 
been secured. This dam will have a capacity of about ten billion gallons. 

I have not said much about the Samp Mortar supply. That is an 
emergency supply which has to be pumped. It is on the same shed as the 
Easton and the Hemlocks supply. It has only a small capacity, about 200 
million, and is used entirely for reserve. 

About the same thing may be said of the North Bridgeport pumping 
station. That is located on the outskirts of Bridgeport. The pond there 
has a capacity of 270 million gallons, and the storage above it of 160 million 
from the Trumbull Reservoir and 165 million from Bunnell’s Upper 
Reservoir. 

Nathaniel Green incorporated the Bridgeport Water Company in 1853, 
and in 1854 built a pumping station on Bunnell’s Pond and a distributing 
reservoir near by. In 1886 the Citizens’ Water Company (a rival company) 
was incorporated. This company built the Easton No. 1 Reservoir at an 
elevation of 207 ft. above mean high water and connected it with Bridge- 
port by means of a 30-in. cast-iron main, an unlined tunnel and a 24-in. cast- 
iron main. They were enjoined from doing business, but finally joined 
issues with the old company and, under the name of the Bridgeport 
Hydraulic Company, the two were consolidated in 1888. 

This company acquired the Southport Water Company in 1889 and, 
in 1893, the Citizens’ Water Company, of Stratford. It also acquired in 
1901 the stock of the Uncowa Water Company, of Fairfield. It purchased 
the stock of the Westport Water Company in 1916, and also that of the 
Shelton Water Company. 

The Bridgeport Hydraulic Company now supplies water to Bridge- 
port, Stratford, Shelton, Trumbull. Fairfield, and Westport. The combined 
populations of these towns is 184 500. 

The total number of service connections in Bridgeport is 23 200, and of 
meters, 4700. All commercial use in Bridgeport is metered and about 
1 000 domestic users. The maximum consumpton for a full year was 34.5 
million gallons daily in 1918. 

Due to the general depression in factories, the present consumption in 
Bridgeport is 24 million gallons. Based on 1920 census figures, the popu- 
lation supplied is 167000. This gives a per capita consumption of 144 
gal. daily. 
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RESERVOIR TABLE. 
Capacity — . Drainage Water 


Million Flow Line Area — Surface 
Reservoirs. Gallons. Elevation. Sq. Miles. Area—Acres. 
(1) (2) (3) (4) (5) 
3 HEMLOCKS SysTEM: 
4 Aspetuck Reservoir................. 66 225.00 17.00 60.7 
Hemlocks Reservoir................ 3 750 225.00 §.32 437.0 
Mitt River System: 
E Easton No. 1 Reservoir............. 201 207.00 1.63 46.0 
4 Easton No. 2 Reservoir............. 878 262.00 12.17 150.0 
IsLAND Brook SysTEM: 
E Canoe Brook Reservoir............. 293 361.20 1.60 72.0 
2 Charcoal Pond Reservoir............ 12 146.00 0.18 4.1 
2 Horse Tavern Reservoir............. 20 224.00 2.31 6.5 
ie Island Brook Reservoir............. 300 170.85 1.61 69.0 
Ox Stream Reservoir................ 25 —-:198.40 0.18 15.0 
Trap Fauis System: 
Far Mill River Reservoir............ 40 356.25 6.08 59.6 
Means Brook Reservoir............. 80 345.00 19.5 
Trap Falls Reservoir (Reserve)...... 2 300 312.00 1.16 296.0 
Beaver Dam Reservoir.............. 395 170.20 0.94 59.0 
BUNNELL SYSTEM: 
5 Bunnell’s Lower Reservoir.......... 168 31.50 6.17 50.0 
: Bunnell’s Upper Reservoir.......... 205 165.50 4.30 63.8 
; Trumbull Pond Reservoir........... 160 180.70 13.75 52.8 
Samp Mortar System: 
Samp Mortar Reservoir............. 195 64.60 7.91 48.0 


Bridgeport’s water supply is collected from streams in impounding 
reservoirs and stored for use during the dry season. These reservoirs store, 
all told, 9 billion gallons, with a watershed of about 90 square miles. Most 
of them are high enough, 175 to 250 ft. above the city, to supply by gravity, 
but some are not, and to make them available there are two pumping 
stations which are used as a reserve. One of these is in North Bridgeport 
at Bunnell’s Lower Reservoir, and the other isin the town of Fairfield at 
Samp Mortar Reservoir. 
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In 1917, work on a concrete dam in Easton was commenced. This 
dam is to be about 1200 ft. long and 125 ft. high, and is to contain 
about 105 000 cu. yd. of concrete. It will impound 6 billion gallons of 
water. Work on this dam is entirely suspended for the present, although a 
very adequate and complete plant belonging to the company is installed. 

It may be mentioned here that the company does its own construction 
work and has built five concrete dams with the same organization. It has 
proved to be a very flexible and economical way to handle the construction 
work, but this is due to the personnel of the organization. The work is 
conducted as nearly as may be to that of a contractor, and each working 
head is a man of long experience in doing similar work for contractors. 

Complete surveys and plans have been made for the next development 
after Easton Lake is completed. This new system will be in Weston, Conn., 
and will be built as required. It includes a concrete dam which will im- 
pound 10 billion gallons from a watershed of 37 square miles, and a lined 
tunnel 6 ft. in diameter and about three fourths of a mile long. This 
supply, when completed, will act as a feeder to the Hemlocks dam in Easton, 
and will not be directly connected to the distribution system. 

The company believes in buying enough land in connection with the 
different reservoir systems to protect the supplies indefinitely, and owns at 
present a little more than 13 000 acres of land. In addition to the protec- 
tion afforded by long storage, the watersheds are patrolled regularly, and 
two outfits are kept busy during the open months, cleaning cesspools on 
farms more or less remote, but near enough to be possible sources of con- 
tamination. All of the water is chlorinated before being distributed, 
through six Wallace & Tiernan automatic outfits. A laboratory is conducted 
where complete chemical bacteriological and biological examinations are 
constantly being made by our chemists. The results obtained by these 
methods speak for themselves. The death rate from typhoid fever in 
Bridgeport for the past ten years was: 1911, 3.7; 1912, 8.1; 1913, 6.1; 1914, 
3.3; 1915, 4.8; 1916, 8.6; 1917, 7.5; 1918, 4.4; 1919, 3.5; 1920, 2.1. 

Two nurseries are maintained by the company, where conifers are 
grown from seed, to be planted on the rougher lands of the company. We 
are now concentrating on red pines, which, so far, have proved free from 
weevils, blister rust, and slugs, which play havoc with white pines at inter- 
vals. About 50000 to 75000 are planted on the watershed annually. 
Work in the nurseries is performed by men who act as overseers of near-by 
reservoirs, and their time is by no means wholly occupied on nursery work. 

A well-equipped garage is maintained by the company, where all of the 
trucks and autos are housed and repaired. As materials such as coal, 
cement, and general supplies used on construction are hauled by our 
trucks, the fleet is quite extensive. 

Bridgeport’s distribution system includes 301.5 miles of cast-iron pipe, 
from 4 in. to 48 in. in diameter,— 3.7 per cent. is 4-in.; 21 per cent. is 6-in.; 
47 per cent. is 8-in.; 3.4 per cent. is 10-in.;7 per cent. is 12-in.; 4.7 per cent. 
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is 16-in.; 6.8 per cent. is 24-in.; 3} per cent. is 30-in.; 1 per cent. is 36-in.; 
1.7 per cent is 48-in. All pipe is purchased subject to American Water- 
Works Standard Specifications and is tested when made by one of the quali- 
fied testing inspectors. Practically no mains of less than 8-in. diameter 
are laid. The mains are laid with a cover of 4 ft. 

The system has 1 767 hydrants which are owned by the city of Bridge- 
port but are set and repaired by the company at the city’s order and expense. 
No hydrant rental is paid to the company by the city, although full taxes 
are paid. No charge for fire service is made to factories, although we 
require them to furnish and maintain an approved meter on each service to 
protect the company against misuse. 

The company owns two water-front properties at the extreme easterly 
and westerly limits of the city. That at the easterly end is as yet unde- 
veloped. The west end dock and yard has a dock 300 ft. long and the yard 
is 700 ft. deep, fronting on Bostwick Avenue. Here practically all pipe is 
landed and stored. Near the street, long, heavily-built platforms support 
gates, fittings, etc., where they can be conveniently loaded and unloaded. 

A jobbing department is maintained by the company, which does most 
of the factory fire-service work in the city, confining its work to putting in 
cast-iron pipe only. Most of this work is done as subcontracts for plumbers 
who contract for the fire-services complete. The advantage is that, as a 
whole, better pipe and materials are used and better workmanship is em- 
ployed than would otherwise be the case. Further than this, the company 
can keep and have available at all times certain men who would otherwise 
be laid off at times for lack of work. 

In order to make use of a water power at Samp Mortar Pumping 
Station, an emergency station, and to keep the two men busy whose con- 
stant presence there is necessary, a feed mill is operated, where grain and 
corn are ground for neighboring farmers. 

The company has a portable sawmill, which gets out much of the 
material required on construction work. Following the sawmill, choppers 
cut up the smaller trees and tops into cordwood, which is carted to Bridge- 
port and sold from two different yards as fireplace and stove wood, after 
being cut to required sizes by circular saw. 


DISCUSSION. 


Mr. J. M. Diven.* I should like to ask Mr. Senior if the east and 
west sides are interconnected in any way. 

Mr. Senior. Both of our systems are connected. They are balanced. 
It is rather a delicate thing to get them balanced. We have found times 
when water would back up through our Venturi’s into one of the reservoirs. 

Mr. Diven. You spoke of throttling the supply systems in your 
reservoirs, to reduce pressure. Is that by automatic valves? 


* Secretary, American Water Works Association. 
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Mr. Senior. No, sir; just ordinary valves. 

Mr. Diven. This is the first water system that has come to my at- 
tention where the percentage of 6- and 8-in. pipes is reversed. I think the 
insurance man ought to be very happy when he comes to Bridgeport. 

Mr. Senior. We have all along believed in using 8-in. pipe for ex- 
tension work, and I was pleased to see that the Government, in the camps 
that they built, followed the same practice; they used 8-in. almost ex- 
clusively. 

Mr. Patrick Gear.* I understand the Bridgeport Hydraulic Com- 
pany is under contract with the city of Bridgeport for a certain number of 
years at a certain price. I should like to ask what it has done for the last 
couple of years, and the last couple of months, to overcome the high prices 
of labor and material. 

Mr. Senior. We have not done anything, but I will tell you we are 
sweating blood. 

Mr. Davin A. Herrernan.t| How long has no hydrant rental been 
charged? 

Mr. Senror. In 1906 we had a contract with the city whereby we 
were to get a hydrant rental of $12.50 a year, but there was considerable 
opposition to that, and we have had to forego even that charge. 

Mr. HerrerNaNn. That is very unusual for a private company. In 
regard to the construction work, do you use any compound in joints, such as 
leadite or hydrotite? 

Mr. Senror. We do to a limited extent in certain instances. 

Mr. HeFrerRNAN. It might be interesting to know what experience 
you have had with compounds. 

Mr. Senior. We use lead principally, and lead wool on occasions, 
and have experimented some with leadite, but not very extensively, 
although we think well of it. 

Mr. Diven. The question has been brought up of no hydrant charge. 
Somebody, of course, pays that. If the city does not pay it out of the 
general tax fund, then the consumer pays it. 

Mr. Senior. Surely. 

Mr. Diven. It is questionable which is the more equitable, — 
whether to have the water consumer pay it in proportion to the water he 
uses, or to have it come from the general tax fund. Coming from the gen- 
eral tax fund it is assessed on the valuation of the property. Under this 
system a man having a large warehouse and using very little water pays 
very little for the water supplied to him for fire protection. 

Mr. Samvet E. Kittam.t What is the average head that you deliver 
water under in your system? 

Mr. Senior. Sixty-five to 75 pounds. 


* Superintendent, Water Works, Holyoke, Mass. 
t+ Superintendent, Water Works. Milton, Mass. 
t Superintendent, Metropolitan Water Works. 
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Mr. Kittam. Then you throttle it down with the valves? 

Mr. Senior. Yes. 

Mr. Kittam. Do the valves wear and have to be replaced? 

Mr. Senior. No. The pressure evidently holds the slides up against 
the down-stream side. 

Mr. Kittam. The water is pretty free from deposits of any kind? 

Mr. Senror. Yes. 

Mr. Kitiam. Valves throttled down the way those are usually wear 
out, chatter in time, and give trouble. Are the large valves at the dams 
operated by hand. 

Mr. Senior. Yes, they are hand-operated, gear gates. Some people 
might think it was a long operation, as it takes, on a 48-in. gate, about a 
half hour to openit. The only payment we get from the city in any way, 
shape, or form is that we get paid by meter at the rate of 3 cents a hun- 
dred cubic feet for water used in schools and fire-engine stations, and for 
general muncipal uses. The total amount of that is about $5 000 a year. 

Mr. THomas J. Carmopy.* To what extent do the manufacturing 
industries install sprinklers? 

Mr. Senior. They all have sprinklers. 

Mr. W.C. Hawtey.{ It would be interesting to know what the rates 
for industrial and domestic consumers are, in which the cost for fire 
protection must be charged. 

Mr. Senror. For commercial use we sell about 48 per cent. of all our 
water through meters, and for that we get an average price of 4.4 cents a 
hundred cubic feet. Our flat rate for the ordinary single dwelling is $12 a 
year; for a two-family house it is $22, or $11 a family. 

Mr. Hawtey. I don’t know how you do it. 

PRESIDENT SHERMAN. I doubt if there is one of us who would know 
how it is possible to do that without a tax levy to draw on to support it. 

Mr. Senior. It comes hard. Everything is metered except domestic 
consumption, and domestic consumers may have a meter if they like; it is 
optional. 

Mr. Joun H. Watsu.{ In metering the large consumers, do you use 
compound meters? 

Mr. Senior. We have a few, but not many 

Mr. Wats. Do the underwriters find any fault? 

Mr. Senior. They object to the compound meter, but allow them. 

Mr. Aubert B. Hitt.§ There are one or two points that Mr. Senior 
slipped over rather easily on personal matters. The first is that the com- 
pany does its own construction work, and that the work is conducted, as 
nearly as may be, along the lines which would be followed by a contractor. 
The Bridgeport Hydraulic Company has gained a great deal by that. 


* Water Commissioner, Holyoke, Mass. 

+ Chief Engineer, Pennsylvania Water Company. 

t Superintendent, Water Works, East Hartford, Conn. 
§ Consulting Engineer, New Haven, Conn. 
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There is another point that might be emphasized, and that is the 
future of this work. When the work now under way is completed, Bridge- 
port will be well fixed for water. They will have then something over 20 
billion gallons in storage. Their consumption is, I should say, something 
like 10 billions, so that they will have water that can be stored for a long 
time, and the importance of long storage of water in reservoirs cannot be too 
highly emphasized, when the typhoid germ cannot live more than about 
two weeks in such water. The oxidizing effect of wind and wave in large 
reservoirs is very advantageous to the water. 

Mr. Carmopy. Is there any reason assigned why Bridgeport should 
not make the manufacturers pay for the water used in sprinklers? 

Mr. Senror. There is a sentiment in Bridgeport against it, for the 
reason that they say that they practically do not use the water, and ought 
not to pay for it. It is not a proper line of reasoning. I think that the 
service rendered is of great value, and ought to be paid for. 

Mr. Carmopy. Then why does not your company compel them to 
pay for it? 

Mr. Senior. They are more powerful than we are. 

Mr. Carnmopy. I was going to say, Mr. Chairman, that we have that 
question in Holyoke now. That is, we charge the city of Holyoke $8 a 
hydrant a year for fire purposes, and have just notified the manufacturers 
that we intend to make a charge in the same manner and have them pay 
for the private fire protection. We believe they are using large quantities 
of water in opening the sprinkler heads or breaking the sprinkler valves. 
The manufacturers rose in a mass against it. We have not settled the 
question yet, but I believe that they will be compelled to pay in some way. 
The question is, In what way should they be charged; should we charge 
them for the sprinkler heads, or should we charge them for the main con- 
nection? I suggested a service charge of from $50 to $100, according to the 
size from 4- to 10-in. pipe. 

Mr. Senior. You say you charge $8 per hydrant. That is almost 
the same as charging nothing, compared with the value of the service. 

PRESIDENT SHERMAN. Holyoke is in the rather unusual condition of 
being able to get a hydrant rental from the city, with a city-owned plant. 
There are not very many of our municipal plants which are fortunate 
enough to get hydrant rentals from the city. On the other hand, so far as I 
know, Holyoke is practically unique in paying taxes to the city from the 
water department, so that to a certain extent it is a stand-off. Just how 
close it comes to an actual stand-off in money I am not informed. But 
they are not as badly off as you are here in having to pay taxes and getting 
nothing back. 

I think there are probably no water-works men who would not say 
that if services are rendered by the water department, whether they in- 
clude the furnishing of water or not, but what they should be paid for. 
It certainly is up to the water department, either privately or publicly 
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owned, to furnish a water supply of adequate capacity, or of suitable size, to 
properly take care of fire protection. There is an investment upon which 
fixed charges must be paid, even though no water is used, and somebody 
has to put up the money for those fixed charges. Now, the parties bene- 
fited by receiving the fire protection are ordinarily the ones that should 
pay for it, as I see it, and I think practically every water-works man takes 
that point of view. On the other hand, when it comes to what you can 
actually get, if you are a municipal department you are lucky if you get 
anything, and yet from Mr. Senior’s experience I don’t know but you 
are equally lucky if you get something in the case of a private company, 
although most private companies do get something. 

Mr. HeErrerNan. I should like to ask in regard to the privileges 
given to the city departments, such as the sewerage, highway, and so forth, 
in using the hydrants. Do you give them full sway, or do you protect 
your hydrants by sending an employee of your department? 

Mr. Senior. The city uses the hydrants practically as they please, 
but they have inspectors look after them. When we grant permission we 
give permits. It is done only on permit. 
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THE REPAIRS TO THE STANDPIPE AT BATH, ME. 


BY CLARENCE E. CARTER * AND WALTER F. ABBOTT.T 


[Read September 16, 1921, by George A. Sampson.}] 


The standpipe of the Bath Water District was built as a part of the 
original system of the Maine Water Company, for furnishing water to the 
cities of Bath and Brunswick, Me., and is located on the main pipe between 
these cities, on an exposed hill about one and one-half miles west of the 
center of Bath. The top is at elevation 247.33 ft. above sea level, or about 
222 ft. above the ground at the City Hall. 

The original contract for the construction of this standpipe was as 


follows: 


Contract for Bath Standpipe, dated January 12, 1887. Between the National 
Water Works Syndicate of Boston, Mass., and the New England Ship Building Company, 
of Bath, Maine. 

Structure to be located on leading main of the Bath Water Works, about 13 miles 
westerly from Court House. 

Mean interior diameter of about 34 ft. : 

Clear interior height of 74 ft. 

Iron, C. L. Bailey’s refined iron stamped “ Central,” or iron equally good. Tensile 
strength in every sheet of not less than 50,000 Ib. per square inch of section, at any 
point. 

Lower three (3) rings not less than 9/16 in. thick. 

Next three (3) rings not less than 8/16 in. thick. 

Next three (3) rings not less than 6/16 in. thick. 

Next three (3) rings not less than 5/16 in. thick. 

Upper three (3) rings not less than 4/16 in. thick. 

Bottom plates are to be 1/2 in. thick. 

Manhole 11 x 15 in. clear opening. 

The stone walls, filling and iron bearing bars are to be furnished in place by party 
of first part (National Water Works Syndicate) and the bottom plates are to be well 
bedded in coarse mortar by party of second part (New England Ship Building Company). 

Inside to be covered with two good coats Warren’s black varnish for metals. 

Outside to be covered with two good coats of Prince’s metallic paint. 

Work to be completed on or before June 1, 1887. 

Consideration, $8,200 or $8,000. 


All rings are 5 ft. in height, with lapped vertical and horizontal joints; 
the horizontal joints on the lower side of the bottom sheet being double 
riveted, all other horizontal joints single riveted, and all vertical joints 
double riveted. The upper top of ring was reinforced by a 3-in. angle iron 
made up by a series of short lengths. 


* Assistant Engineer, Metcalf & Eddy, Boston. 
t+ Superintendent, Bath Water District. 
ft Of Weston & Sampson, Boston. 
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During a heavy gale on December 14, 1917, a section on the easterly 
side of the standpipe, extending down about 35 ft. from the top, failed, as 
shown in the accompanying illustrations, on account of the excessive wind 
pressure. The records of the Weather Bureau at Portland, Me., show the 
maximum velocity of the wind on this date to have been sixty miles per 
hour. The lower limit of the damaged section was at the level of the water 
in the standpipe at that time. 

The standpipe was operated with the remaining available depth of 
40 ft. until the later part of the summer of 1919 (over one and one-half 
years), when the Water District contracted with the Bath Iron Works, of 
Bath, Me., for its repair and restoration to full capacity. 

For the prosecution of this work, the contractors installed at the site 
a portable boiler, to supply power for the steam hoists which handled the 
plates, and an air compressor for riveting. A staging was erected on the 
outside of the standpipe and a float placed on the inside. 

Each plate was carefully marked, the rivets ‘“‘ busted ” off with hand 
hammers, and the plate lowered to the ground. The plates were then 
hauled by trucks to the local plant of the contractors, re-rolled to original 
shape, and then replaced in the structure. In all, 27 plates were removed, 
24 being re-rolled and 3 new ones furnished; those which came at the lower 
extremity of the damaged section being eke so that they could not be 
repaired. 

In re-setting the plates, each ring was completed, and then the water 
level in the standpipe was raised sufficiently to bring the inside float to the 
proper working level for placing the next ring. Control of the level of the 
water in the tank was maintained by means of temporary telephone con- 
nections with the superintendent’s office, and the superintendent in turn 
regulated his pumps to produce the desired result. After all of the plates 
had been replaced, the top of the upper ring was reinforced by a 6 x 6 x 3 in. 
angle iron in 18 ft. lengths, and four steel wire guys (1 in. in diameter) were 
fastened to the quarter points of the top and anchored to the ledge about 
100 ft. from the base of the standpipe. 

As the bottom needed some attention and the paint needed renewal, 
the water was drawn out and about 1 ft. depth of concrete was placed over 
the entire bottom, and the structure was given two good coats on the inside 
and one on the outside of Detroit graphite paint. 

The time consumed in making all repairs is divided as follows: 


Concreting the bottom 
Painting 


The structure was entirely out of service during the concreting and 
painting only a period of six days, and during this time water was pumped 
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directly into the distribution system, which was protected by two relief 
valves, one being at the Nequasset Pumping Station, which is about 2} 
miles east of the city or 33 miles east of the standpipe, and the other being 
at the Thompson’s Pumping Station, which is about 2 miles west of the 
standpipe. 

The cost of the work was as follows: 


Additional bracing and concrete bottom................ 1,437.82 


$7 138.26 


The total cost, for repairs only, is an average of $215 per year since the 
construction of the tank, — the painting cost about 11} cents per square 
yard per coat, but this cost excludes some additional expense which would 
have been encountered had the painting been done at some other time 
as an entirely separate job. 

The details and costs contained in this article were furnished by 
Mr. Walter F. Abbott, superintendent of the Bath Water District, who is 
a member of the New England Water Works Association. 


DISCUSSION. 


Mr. I. T. Atstrom. What method is used to signal to the pumping 
station when the tank is overflowing? Does that ever happen? 

Mr. Sampson. There is no method except to get the height by the 
pressure gage at the pumping station, and that is affected by the draft in 
the city so much that it is unreliable. The water company owns the hill, 
and, as there are no houses within, I should judge, a quarter of a mile 
of the tank, there is no danger from overflowing. 

Mr. Atstrom. In our town we only own a few hundred feet around 
our tank, which has been overflowing so that the man who owns the land 
near the tank has been threatening to bring suit against the town for 
washing his land. We have just established an electrical system whereby 
a horn is blown in our pumping station until the engine is shut off and the 
water gets down to the regular level, which is 2 ft. from the top of the 
tank. 

PRESIDENT SHERMAN. Some sort of telltale at the pumping station 
is almost essential to a proper operation of the standpipe, of course, but 
a great many water-works systems are still getting along with such in- 
formation as they can get from their pressure gages, and taking chances 
otherwise. 
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THE CONTROL OF WATER WASTE BY HOUSE-TO-HOUSE 
INSPECTION. 


BY GORDON Z. SMITH.* 


The Bridgeport Hydraulic Company serves water to the city of 
Bridgeport, towns of Stratford and Fairfield, the boroughs of Nichols 
Farms and Long Hill. 

The estimated population served, based upon the census of 1920, is 
167 000. 

There are 23 194 service connections, on which there are 4 673 meters, 
classed as follows: 2 780 commercial, 1 763 domestic, and 30 test meters. 
There are 22 500 customers’ accounts for water billing. 

The inspection service is intimately connected to the water charge 
accounting, for it is the basis for all charges except, of course, meter ac- 
counts. The inspector enumerates upon a blank the water fixtures upon 
any service, number of families, stores and shops, and whatever the 
character of the use. The charges therefor are entered upon the slip, 
totaled and transferred to the ledger card bearing the same account number 
as the completed inspection blank. As changes occur, either addition or 
disconnection of fixtures, a new inspection slip is filed in place of the old one, 
. and the proper entries made upon the ledger card. Notice of the additional 
charges are then sent to the owner. Vacancy claims, disconnections, 
additions and new buildings are all verified and reported by the inspector. 
Inspectors are chosen for their fitness and adaptability in their work. 
Courtesy being the foundation of our relation with the public, we insist 
upon it first and last, with the result that there are very few complaints 
made at the office. 

_ As a secondary but an important feature of the inspection service is 
the leak detection. The inspector reports all leaking fixtures and pipes, 
and sends notice to the owner requesting repairs be made. This request is 
followed by a reinspection to ascertain if repairs have been made. If not 
made within a reasonable time, a special letter is sent to the owner stating 
that if repairs are not made within a specified time a meter will be set be- 
cause of the leak. That is also followed up, and if not repaired the owner is 
notified that a meter will be set. 

Two or more years ago it was necessary to set many meters for the 
above reason, but at present repairs are made with considerable dispatch. 

Premises in which leaks are found upon every inspection, but repaired 
after repeated notices, are selected, and the owner is notified to keep such 


* Chief Inspector, Bridgeport Hydraulic Company. 
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premises free from leaks or a meter will be set, and if leaks are found after 
such notice a meter is installed after due notice to the owner. 

Many, underground service leaks — leaks which do not appear on the 
surface — are found by our inspectors by shutting off the house supply in 
the cellar and listening to the pipe with a water-phone. 

During the extreme cold weather the inspectors make special in- 
spections of premises in which the pipes and fixtures are known to be in an 
exposed location, and if found to be running to prevent freezing a special 
letter is mailed to the owner with a warning that the practice must cease, 
and if found a second time a meter will be set forthwith. This is also 
checked by a reinspection, and if found running a second time, a meter is set. 

The inspection force is large enough to cover unmetered service twice 
a year, together with all other reinspections and miscellaneous work. This 
requires a total of nearly 60 000 reports from five or six inspectors. 


GENERAL RESULTS. 


While we realize that a 100 per cent. metered system has many advan- 
tages, there are also disadvantages. It is not within the purpose of the 
author to discuss that in general application; however, it may be said that 
metered service is the fairest method of selling water, and we may all come 
to it as a last resort. 

The attitude taken by the Bridgeport Hydraulic Company toward 
this subject is governed by the peculiar conditions, and in some instances 
universal conditions, to be met in our customers. The supply at present 
and since 1918 has been by gravity from a long-time storage, with treated 
water. The highest daily average for one year was 1918, when it reached 
34 000 000 gal., 47 per cent. of which was charged by meter. The highest 
daily average for one month, that year, was in January, with 41 000 000 gal. 
Some days the rate exceeded 44 000 000 gal. In 1919 the daily average 
was 29 000 000 gal., of which 49.6 per cent. was metered to the consumer. 
In 1920, the daily average rose to nearly 32 000 000 gal., of which 50 per 
cent. was metered. For the seven months of the current year the average 
daily consumption was 24 000 000 gal., of which 47.8 per cent. was metered. 
The above records are from Venturi meters and service meters. It will be 
noted that with about 20 per cent. of our services metered we actually 
account for and charge for 47.8 per cent. of our water by meter rate. In 
1920 our meter billing charges were nearly equal to the flat rate charges. 

It can be said that in some cities, with every tap metered, only 50 per 
cent. of water can be accounted for. According to the State Board of 
Health of Massachusetts, 1900, no city of the state having over 90 per cent. 
of the taps metered accounts for over 62 per cent. of the water furnished. 

Therefore it would appear that our meters are being placed where they 
are most effective, also that our per-capita consumption is high, but not 
excessively high after all the proper allowances are made for losses that 
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would not appear upon the service meters. The per-capita daily con- 
sumption for this year to July 31 is 144 gal. No floating or transient 
population was estimated. Deducting the metered use leaves a balance of 
75 gal. for flushing, fire protection, underground leakage from 300 miles of 
mains and 23 000 services, does not leave such a large amount for unmetered 
domestic use and for leaks from household pipes and fixtures. 

Mr. Dexter Brackett, 1895, stated that it is not practicable to reduce 
waste below 15 gal. per capita in large cities, and that this figure can be 
reached only by universal use of meters. . 

Just what the domestic allowance should be for our system is unde- 
termined, but by assuming a fair figure, say 50 gal., we shall have something 
reasonable as a working basis. 

It may be said that the above is large, but the conditions are a bit 
different here than the average city. The people have always been told 
that there would be an abundance of water for their use, and it is believed 
that they use it accordingly. 

If, as stated above, 15 gal. is allowed as waste which meters would not 
eliminate and 50 gal. as a fair allowance for domestic use, we have a re- 
mainder of 10 gal. per capita per day for the meters to save for us, which is 
1 670 000 gal., which for one year amounts to 609 000 000 gal. If capital- 
ized at $58 per million, which is our average rate for metered water at 
present, equals $35 000 revenue from estimated waste of water. Let us 
now check the cost of saving this amount against the cost of meters and the 
public sentiment against meters. . 

We will require 19 000 meters installed at a cost of $22 per meter, 
which would amount to $418 000 at 6 per cent., equals $25 000 interest 
charge. Four per cent. for depreciation and retirement charge equals 
$16 720. Cost of reading meters, repairs, and accounting might easily 
reach $19 000. This totals $60 720 as a fixed charge per annum against 
meters. Therefore we may say that our income might be increased $35 300 
per annum by spending $60 720. 

There is the almost universal opposition to meters upon domestic 
supplies for many reasons which demand recognition. 

It would appear to us, therefore, that with the power to install meters 
where the use is large and of a nature to be beyond control or unreasonable 
domestic use and for waste after notice to repair, we effect an excellent 
working balance by controlling the house fixture leakage through inspec- 
tion and insisting on prompt repairs. By this methoda large percentage 
of our consumers have the use of water for domestic purposes without a 
thought that every drop used is measured. It enables our Company to 
operate on a very liberal basis so far as the domestic consumer is concerned, 
and our experience has been that a great majority of water-takers appre- 
ciate the situation and do not wilfully waste the water. Wehave beenable, 
by close coéperation with users, to feel that the public is educated in belief 
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that this company is living up to a very liberal interpretation of its 
charter obligations to give the community a wholesome quantity of pure 
water at a reasonable charge. 


DIscussION. 


PRESIDENT SHERMAN. We have heard a great deal, in recent years, 
in favor of 100 per cent. metering. This is the first time we have had a real 
presentation of the other side of the case for a long time, if ever, in this 
Association. The paper is before you for discussion. 

Mr. Car.eton E. Davis.* I notice that you deal with the owner 
of the property. Does the owner ever blame the tenant for wasting water; 
and if so, how do you handle that situation? 

Mr. Smitu. We have a great many of these complaints, naturally, 
because Bridgeport is a city containing a good many tenants; but the owner 
is the man who pays the water bill, and we have to look to him for the re- 
sponsibility. If he can’t keep his tenants responsible to him, certainly the 
tenants would have no dealings with us. 

Mr. J. M. Diven.¢ High economy in the use of water is probably 
less important in Bridseport than in places where the water has to be 
pumped, maybe pumped, filtered and again pumped. A gravity sup- 
ply with ample water does not stimulate water-waste prevention as more 
difficult and expensive supplies do. The speaker’s experience is that 
house-to-house inspections do cause friction, as some people seriously ob- 
ject to having the inspectors go through their houses to look for leaky 
fixtures; they consider it as much an invasion of personal rights as a search 
for hooch. 

The writer spoke of the reasonableness of notifying property owners 
before setting a meter; the speaker thoroughly agrees with him in that. 
The speaker’s practice has been not only to notify them before setting a 
meter but also to put the meter in on trial for a month, then have a reading 
taken and the result, with a statement of the cost by meter measurement, 
sent to the owner, and a notice that the meter rate would commence a 
month from the date of the first reading, thus giving a month to repair 
leaking fixtures or install better ones before the meter charge began. In 
some instances meters are set without even the knowledge of the property 
owner, his first knowledge of the fact being the receipt of a large water bill, 
which is a manifest injustice. 

Mr. Smiru. There is almost no friction at all here among the occu- 
pants of houses in letting the inspector in to inspect the water pipes and 
fixtures. The system has been in operation here for some time, and people 
expect the inspector twice a year. If there are leaks in the house which the 
landlord doesn’t repair, they like to have the inspector come around. We 


* Chief, Bureau of Water, Philadelphia, Pa. 
+ Secretary, American Water Works Association. 
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have a good many reports from tenement houses where there are leaking 
water fixtures, — ‘‘ Please send up an inspector and get the landlord to 
repair it.” 

Masor Ropert C. WHEELER.* On the question of metering gener- 
ally, when I first took charge as manager of the water company at Chester, 
Pa., I found that the water accounted for was something around 72 or 73 
per cent. of that which was pumped. Now, the first thing I did was to 
improve the facilities for testing the meters, and that campaign proved 
very much worth while, because we increased the water accounted for to 
about 80 per cent. That is, we were able to collect for 10 per cent. more 
water than we had done. 

We were not as fortunate as Bridgeport, because we had to pump and 
filter all the water, and our lowest rate was something like 10 cents a thou- 
sand gallons, so that the increase in revenue was considerable. One reason 
why some people are disappointed in their experience with meters probably 
is that they do not test them frequently enough and do not keep them in 
such a state of repair that they register as they should. 

Mr. W. C. Hawtey.f Replying to the question which Mr. Davis 
asked, it seems to me that the owner is the man who is responsible for the 
character of the tenant, and that he, therefore, has the responsibility for the 
water bills, —at least, to a certain extent. Our company goes on the 
principle that it will deal only with the owner. He can protect himself by 
occasional readings of the meter, and by proper maintenance of his plumb- 
ing, so that there should not be any serious difficulty there. 

I believe under the conditions which Mr. Smith has outlined that he is 
perfectly justified in not metering a large proportion of his consumers, 
A study which I assisted in making a few years ago, of a city in central 
Pennsylvania, showed that where they had an abundance of water and their 
flat rates were already low, it would have been very difficult to introduce a 
meter system. It probably was not necessary. But the day is coming, 
when they approach the limit of their water supply, when they will be 
forced to meter, and I believe Mr. Smith is gradually approaching a 100 
per cent. metered condition. My experience has been that the objection 
to meters on the part of the consumers is a matter of education, and that 
within a short time after the meters have been installed there is just as much 
sentiment in favor of the meters as there was previously against them. 
With the pressures that you have here in Bridgeport I see no reason why a 
larger percentage of water should not be accounted for. In our own case, 
with pressures in our distribution svstem ranging over a large proportion 
of it, from 125 to 160 lb. and in parts of it at more than 200 lb. to the 
square inch, we account for 75 per cent., and in some years we have ac- 
counted for something over 82 per cent. Of course we are 100 per cent. 
metered. But in making that estimate we have not allowed anything for 


* Of Horton, Barker & Wheeler, Engineers, Albany, N. Y. 
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water used for fire or street purposes, or leaks, or any other use than water 
actually measured. 

Mr. F. A. McInnes.* We were forced, in Boston, under state law, 
to meter all new services and 5 per cent. of existing services each year, be- 
ginning 1908. We anticipated all kinds of trouble which has not material- 
ized; in fact, as far as the consumer is concerned, our difficulties have been 
practically negligible. The installation of meters began in Charlestown 
and East Boston, at the northerly end of the city, and the work is pro- 
gressing southerly through the city. The trouble is to keep within the 
designated section, as hardly a week passes that we are not asked to set 
meters outside of the area in which the work is being done. Mr. Hawley 
has expressed it exactly when he said that when the people know they are 
going to have meters they soon become educated to them. 

We started in 1908 with 5.7 per cent. of our services metered, a daily 
average consumption of approximately 98.4 million gal., a per capita of 
158 gal. and a population of approximately 623 000 — I am using the old 
census, Mr. Killam. Eight years later, with 53.2 per cent. of services 
metered, we were using 77.6 mil. gal. of water with approximately 126 000 
more people, a per capita of 104, and a reduction in the total daily average 
amount of water delivered into the city of about 21 000 000 gallons. 

During the years 1917-1918 the installation of meters was suspended 
by special enactment of the legislature. The work is now again in progress. 

Ours was a case of must. We had to spend money to put meters on 
every service or face a very large expense for our portion of the cost of 
extending the works of supply. 

I do not consider house-to-house inspection a success, in a large city 
at least. It is not sufficiently enduring and does not stop very serious 
eases of waste, such as faucets being left open carelessly, for cooling 
purposes, etc. 

It has been our experience that those who use water without stint, and 
don’t waste it, find their bills satisfactory. The few who waste water 
carelessly have been paying out more money than they did before. 

Mr. Smitu. I want to correct one statement. In my paper I made 
no estimate of water that we account for; but if we were 100 per cent. 
metered it was assumed we ought to account for 100 per cent. 

We receive pay for 50 per cent. of our consumption by meter charges, 
in addition to what we sell on flat rates. 

Mr. H. V. Macksey.t It looks as though the present speaker had 
made a good case for his own city and his own company. 

It was some years ago that I had something to do with the meter 
system, so-called, of Boston. One of the reasons why the people despised 
the meter, and hated the meter inspector in Boston at that time, was be- 
cause the meters were not practicable, durable, fair-measuring machines. 


* Division Engineer, Boston Water Department. 
t Superintendent, Public Works, Framingham, Mass. 
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The city was full of meters that should have been scrapped. Boston would 
never be metered to-day were it not for the fact that they are buying water 
by meter and that the statute compelled them to sell by meter. They are 
now doing good work, and, as far as I can gather, the people of Boston are 
not dissatisfied. 

Since that time I have had something to do with the water works of two 
small towns or cities. In the first one, when I went there, a fund was pro- 
vided to purchase meters and put them in service when water takers should 
askfor them. A few of the water takers knew a thing or two and asked for 
meters, as the rates were so arranged that they would save money. Others 
thought the meters were no benefit and didn’t want to be bothered with 
them. The Board of Public Workscouldn’t agree upon whose meterto buy, 
so that the fund lay there for several years and people got no meters. When 
I took charge of the system I pointed out to some of the people that they 
better ask for meters, and we soon used all that money and had to apply for 
more meters. That was because our rates were arranged so that they gave 
an advantage to the man who was economical and saving. 

Now, it may be possible that in the city of Bridgeport, by inspecting 
twice a year, you can keep down leaky fixtures; if so I think you have 
pretty nearly reached the miraculous, because with ordinary plumbing if 
the average ball cock runs for a year without leaking it does very well. 
When you find small leaks that seem trifling but which you ought to stop 
because you know they are going to become larger day by day, the owner 
objects to incurring great expense for a little water, and the plumber will 
say that it doesn’t amount to anything. Now, if you are a private cor- 
poration and deal with the owner, you can shut the water off. 

If the works are owned by the municipality, it is different, because you 
will find a man who sits in judgment in the matter of water rates, but he is 
likely to be a supplicant a short time before the next election, and so he 
wants to be not only fair but generous in some cases, and you can’t blame 
him. And if you have, as we have in the town that I am now in, a law 
that compels you to furnish water to any man who asks for it, he makes his 
initial payment, whether he be an owner or a tenant, you then have another 
complication. We have many cases where the tenant wastes the water, 
has a big bill, refuses to pay, and we shut off the water. The Board of 
Health then tells us that it is a matter of health and we must supply the 
water. They do not tell us anything about who is to pay the bill. The 
tenant then starts anew, makes the initial payment, and everything goes 
along very finely until he wastes some more water and then refuses to pay. 
Of course you have a claim against him, but these small water bills are not 
collectible in court, as they are too trifling, and where the money is owed to 
the municipality your chance of collection is very small. There are many 
reasons why a meter service is to be preferred in a municipally operated 
plant where it would not be in one that is operated by a private corporation. 
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There is one thing that we all must consider, which was touched upon 
by Mr. Hawley. In a great many water systems we are approaching the 
limit of our supply. It is not a matter of money alone; it is a matter of 
safety and of large expenditure later on. In the departments that I have 
had anything to do with, I have always tried to enforce a rule that no man 
may waste water, even though he pays for it. 

I am very much interested in the success of the plan as carried on in 
Bridgeport, but have my doubts as to whether it could be successfully 
applied in the various cities and towns that I have been in touch with in 
Massachusetts. 

Mr. Apert B. Hitu.* In the case of Bridgeport, as indicated by 
Mr. Smith, it seems to be at the present time more economical to sell water 
at the flat rate, because there is plenty of water and a gravity supply; but 
when the time comes that they get about to the limit of that supply and 
additional water must be supplied at great cost, then conditions will be 
different. It will be found that the average property owner, if he has a 
metered system and his attention is called, by the bills or by the inspector, 
to the fact that he is wasting water, will give prompt attention to making 
repairs. On the other hand, if he pays on a flat-rate system and his bills 
are just the same whether he wastes a lot of water or whether he does not 
waste any, he is likely to give very little attention to the matter. 

Metering will enable large expenditures for additional supplies to be 
postponed. . 

Mr. WatrTErR P. ScowaBe.t We have heard from the large companies 
principally, and I might relate the experience of a medium-sized company | 
in Thompsonville, Conn. In 1915 the entire system was metered, about | 
1 800 meters being installed. The city is supplied by springs that have a 
yield of approximately a million gallons a day, and that supply seems to be 
very regular the year around. Previous to that time, during the summer, 
and sometimes in cold weather in the winter, the demand would exceed 
that million gallons a little, and the storage supply would be cut down so 
that the company would notify the consumers to stop the waste of water, or 
to stop the sprinkling of lawns and the sprinkling of streets. As a matter of 
fact, they bought a gasolene pump to fill the water carts from a creek in 
1914. 

Since 1915 we have been encouraging the use of water. During the 
war I advertised how much better their gardens would grow if they would 
put water on them, and we sold this water at 50 per cent. of the regular 
price for water, to encourage the use of it. We cut down the daily con- pr 
sumption perhaps between 30 and 40 per cent. There was considerable 
opposition to the installation of meters. After a year with meters our 
records showed that 70 per cent. of the residence consumers were paying 
less for water than they did on the flat rates. To-day you could not change 
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them back. This system has been very beneficial to the consumers as well 
as to the company. 

On the other hand, another small system that I operate is a gravity 
system, and it is impossible to figure the proposition of metering. We 
have plenty of water, and I do not see how we could earn anything ad- 
ditional to compensate for the investment and upkeep of the meters. 
The operating expense would be materially increased in this little plant if 
the services were metered — approximately 500. I do not see any way of 
getting any additional revenue. It is not necessary to meter, because there 
is a sufficient supply of water. It is evident that the question of metering 
or not metering depends on the local conditions. 

Mr. Wituiam A. Mackenziz.* ‘The place I represent, Wallingford, 
Conn., has 1 700 taps, about 18 per cent. of the services are metered, from 
which we derive about 40 per cent. of the total revenue. It is a municipal 
company and we permit meters to be installed on house services upon 
application and also set meters where necessary to prevent or stop leaks. 

It seems to me, whether it is a private or municipal water company, — 
although in our case we have a large surplus of water, which makes it more 
advisable to slowly come to the metered system,—that the meter rate is the 
more equitable and will eventually be the method of collecting most water 
rents. 

In private companies it is very necessary and also with municipal 
companies, to avoid troubles and disputes with the consumers, for the best 
of relations and coéperation must be maintained. It is the best plan to 
increase the number of meters gradually, and thereby prevent the troubles 
that are bound to come if we attempt a 100 per cent. metered system at 
once, or when there is an abnormal growth and excessive use of water be- 
yond the capacity of the plant. 

Mr. ALLEN Hazen.{ A few years ago the president of a water com- 
pany told me of his experiences. He was serving a ground water supply of 
excellent quality but of limited quantity, to a growing community, and he 
had made up his mind that the only way that he could continue to meet 
conditions was to adopt meters. His takers were opposed to the meter 
system, but he knew something of human nature and of the people he had 
to deal with. He announced publicly and emphatically that he did not 
believe in meters and he instructed his superintendent not to set any more 
of them. The people soon became excited, and there were some arguments 
to which he finally yielded as gracefully as he could. Fifty-one per cent. of 
his services are metered to-day, and the rest are following. 

Mr. Lincotn Van Gitper.{ In our town there is about 65 gal. per 
capita consumption on the actual population, — not the summer population. 
In a neighboring town they are using about 200 gal. per capita, and they 
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are very hard put to it for money to keep going. They are in a quandary 
whether to spend $40 000 by increasing their pumping and filter beds, 
which takes no account whatever of other expenses in connection with the 
increased supply. It is a question of the strength of the gridiron system to 
carry the water to them. 

I should like to ask Mr. Smith if in making up his tabulation he figured 
out what it cost them to make their house-to-house inspection, per annum. 

Mr. Smitu. I think, about $11 000. 

Mr. Diven. In this town vou speak of as using so much more water 
than you, they may have more manufacturers. 

Mr. Van GitpErR. They have not any more manufacturers than we 
have. They have two glass manufacturers there, which are not very heavy 
users of water. 

Mr. Diven. Then you have the ocean to bathe in. 

Mr. Van Gitper. It may be interesting to know that the days on 
which we have the heaviest bathing in the ocean we have the heaviest 
pumping, because every bath means a shower bath and the washing out of 
the bathing suits. 

Mr. Hawtey. Mr. Van Gilder’s statement of 65 gal. per capita is 
very interesting to me. I remember in 1896, when I took hold of that 
plant, the per capita consumption was from 250 to 260 gal. We began by 
making a house-to-house inspection — which, by the way, increased 
considerably our flat-rate revenue by finding hundreds of fixtures which 
had been put in but not reported by the plumbers,— and where we found 
leaks we told them that if the leaks were not stopped a meter would be set. 
That was more effective than a threat to shut off the water. We succeeded 
in getting through the following summer without the water shortage which 
had been encountered during the: two previous seasons, and within two 
years the per capita consumption was down to between 50 and 60 gal. 

I am reminded by what the last speaker said that there are cases where 
water is used, where spigots and so forth are permitted to run, that in- 
spection will not catch. I have in mind where a house with a $5 minimum 
rate had a $30 bill for six months, and the inspection showed that the woman 
who lived in the house had an idea that to permit the hopper water closet to 
run a couple of hours every morning was a proper and sanitary thing to do. 
That is where the water had gone. The inspector might have caught it or 
he might not. 

I do not see why there should be the objection to meters that there 
apparently is in some places. A meter places the burden where it belongs. 
If a man does not use much water there is no reason why he should pay for 
what someone else uses, and if he uses a great deal of it he should pay for it. 
It is the only just method of distributing the burden. 

Mr. Davis. Touching on the tenant and landlord question once more, 
if the real object is to save water irrespective of collecting revenue for all the 
water used, I believe there must be some responsibility upon both tenant 
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and landlord, for paying for water used. I know of a case where a certain 
tenant has wasted water in order to run up a bill on the landlord so that the 
landlord would be willing to sell at a reduced figure to the tenant. In these 
days, particularly of late, I think the tenant out of spite frequently does 
use considerable extra water. 

If we are determined to stop water waste irrespective of who pays for 
it, I think something must be done to place some responsibility upon 
tenants. 

Mr. Hawtey. We take care of that situation to a certain extent by 
offering to the owner, if he does not care to read his meter, to make a 
monthly reading of that meterfor a normal fee and report to him by post- 
card, so that he has tabs on the amount of water that is being used, and, at 
any rate, he knows within thirty days if there is any considerable increase 
in the amount used and has an opportunity to protect himself. 

Masor WHEELER. My experience along that line seems to indicate 
that it is difficult, although it is not impossible, to make the owner respon- 
sible for the water bill. Ina very small number of cases, in dealing directly 
with the tenant, has there been money lost through the failure of the 
tenant to pay before he moved, or for some other reason, and the amount 
has been very slight. We always have had a good deal of trouble with the 
landlord, who said that he was under a contractual relation with his tenant 
through the lease and he had no way of really controlling how much those 
water bills should be. 

Mr. Micuakt F. Co.itns.* Speaking about tenants and water meters, 
I think there is another class of people that we have to consider, too, and 
that is the manufacturers. A good many of them we would never accuse of 
anything wrong. But I have one factory in whose neighborhood every 
Saturday afternoon and Sunday I had numerous complaints about rusty 
water. I consulted the master mechanic of the establishment and asked 
him if he knew any cause for it, and he said, no, he did not use any water to 
cause it. Finally it got so bad I went to him and said we would have to 
put a meteron. It happened to be a 10-in. service. We made installation, 
and I want to tell you, gentlemen, now, what I think will surprise you: 
The first full quarter we got $750 out of a concern that never had used any 
of our water before. 

So I think, as far as the meters are concerned, they are most justifiable, 
and every service ought to be metered, both in justice to the city or com- 
pany and the consumers. 

Mr. Van GitpeEr. In regard to the responsibility as between the land- 
lord and tenant for the water bills, it is very frequently done in our town, 
when the leases are drawn, — to have the landlord held responsible for the 
minimum rate and the tenant to pay the excess. I do not recall a single 
case where there has been serious difficulty in collecting on that basis. 
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We collect from the owner, of course, and he in turn goes back to the 
tenant. 

PRESIDENT SHERMAN. It seems to me that Mr. Van Gilder has a 
method that should be followed much more commonly, and one of which 
our real estate men might take some cognizance, especially with the in- 
creasing friction which may result between the landlord and tenant on 
meter bills. 

For instance, I have personally recommended, in cases that have come 
to my attention, that leases be drawn providing that the tenants shall 
assume the water rates. But that has nothing to do with the method of 
billing, which, in almost every case with which I have come in contact, has 
been to the owner. It is merely a matter of who shall make the payment. 


* The owner receives the water bill and turns it over to the tenant. If the 


tenant does not pay the bill the water is shut off. Of course if the tenant 
leaves with an unpaid bill the department collects from the owner. But, 
taking it by and large, that method works out the best of any that I have 
known of being tried. It is not customary among real estate men to draw 
leases in that way, but I can see no reason why they should not do so. 

Mr. Hawtey. We goa step further. We deal with the owner, but 
when the owner says, ‘‘ I want the bill to go to the tenant,’’ we send the 
bill to the owner in care of the tenant, and it is up to the tenant to pay the 
bill, though the ultimate responsibility is still with the owner. In our 
district nearly all leases specify that the owner shall pay the minimum rate 
and the tenant shall pay any excess. This, of course cannot apply to 
apartment houses. 

Mr.M. N. Baker.* There is one question which it seems to me enters 
into the question as to whether it would pay to install meters in Bridgeport, 
which I think has been left out of the account. That is, if this water were 
saved, the date for getting more water would be postponed. I think some 
credit should be allowed on that account. In going over the water-works 
system yesterday I saw a big cableway where I was told that they were 
just waiting time before they put up a 150-ft. dam to impound more water. 
If the date of building that and other impounding reservoirs were to be 
postponed, by the installation of meters, certainly something ought to be 
credited to meters on that account. 

Mr. Hazen. Although a digression, I think another matter relative to 
meters appropriate at this time. Some years ago this Association had a 
committee on meter rates, and, after a long deliberation and much dis- 
cussion by the Association, the Association adopted a form of meter rate in 
which the quantities of water under the successive steps of the schedule 
were standardized; and that meter rate adopted by this Association, I am 
happy to say, has been adopted in a great many cities, supplying hundreds of 
thousands of services with water, and I have recently been writing to the 
places where it has been used, as far as I knew of them, and asking for the 
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results, and they have usually been very ans — they have gotten 
along comparatively little friction. 

At the meeting of the American Water Works Association in Cleve- 
land, a committee was appointed to standardize the steps of the meter 
schedule, and that committee now has the matter under consideration. 
We remembered the work of this Association of several years ago, when 
standard steps were adopted, together with a standard form of meter rate. 
The adoption of that standard rate by this Association, has, I believe, been 
most helpful to the water-works business throughout the United States. 
The adoption of a similar standard by the American Water Works Associa- 
tion would be even more useful. But we do not wish to have any competing 
schedule set up by it. Since the schedule was adopted by this Association 
some years have passed, and meter rates in the adopted form have been 
used and experience gained with them. No doubt various points of view 
will be presented to the present committee, but I think the disposition of all 
members of the committee will be to take the New England form as a 
starting-point, and to modify it as little as may be. Our committee thinks 
that it would aid if this Association, and perhaps other water-works asso- 
ciations, would each appoint some one to represent it in this matter, with a 
view to getting every one to agree to any changes that may be desirable and 
to have one standard adopted for the whole country. I hope we shail have 
the codperation of this Association in this important matter. 

Mr. Hazen moved that the President designate some one to codperate 


with the committee of the American Water Works Association, which was 
voted. The President appointed Mr. Arthur E. Blackmer. 
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THE TYPHOID FEVER EPIDEMIC AT SALEM, OHIO. 


BY W. H. DITTOE.* 
[Read September 15, 1921, by Morris KNow tes.t] 


The epidemic of typhoid fever which occurred at Salem, Ohio, during 
the fall of 1920 is of unusual interest to persons engaged in public health 
work. This epidemic showed one of the highest case rates ever recorded, 
and at the same time the mortality rate was the lowest of the important 
epidemics of the United States. The epidemic was caused through the 
medium of a public water supply which for many years had been of a high 
degree of purity and had never previously been held responsible for any 
water-borne disease. 

These features of the epidemic warrant a complete relation of the cir- 
cumstances surrounding it, and there is now in preparation an official report, 
to be issued by the State Department of Health, which will supply all details. 
Therefore I shall not endeavor to discuss completely all phases of this epi- 
demic, and shall only relate the important circumstances, including a de- 
scription of the water-supply system and the manner in which it became 
contaminated. 

The city of Salem is located in Columbiana County in the north- 
easterly portion of Ohio, at the headquarters of Little Beaver River, a 
tributary of the Ohio River. The population of this city is about 10 000. 
It has a thriving industrial development, but its rate of growth has been 
rather slow. In addition to its public water-supply system the city has a 
system of sewerage constructed on the separate plan, and also has a number 
of paved streets. The sanitary sewers cover practically all of the built-up 
area, and serve a population of about 9000. Sewage is delivered to a 
sewage-treatment plant located northwest of the city, consisting of tanks 
and intermittent sand filters, the effluent from which is discharged into a 
small creek. This plant is inadequate, and, moreover, it has been greatly 
overburdened, due to the misuse of the sanitary sewers. The city has neg- 
lected to control sewer connections, and as a result these connections have 
been established very carelessly and have permitted large volumes of surface 
and subsoil drainage to reach the sewers. In addition, there are several 
poorly constructed private sewers connected to the system. It will be 
shown later that the improper control of sewerage was a contributing cause 
to the occurrence of the epidemic. 


*Chief Engineer, Ohio State Department of Health. 
+ Consu!ting Engineer, Pittsburg, Pa. 
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History or Epipemic. 


During the early part of September, 1920, an outbreak of enteritis 
occurred in Salem, and was observed by the local physicians and the health 
commissioner. This outbreak was not intense, and as cases of intestinal 
disorders were more or less prevalent in other communities nearby no par- 
ticular concern was aroused. It was thought by local physicians and 
health officials that the sickness was “ intestinal influenza,” but in the light 
of facts later learned the Salem cases were without doubt of a different kind 
and due to an entirely different cause. After partial subsidence of this 
outbreak, a second and much more intense outbreak of enteritis occurred, 
starting about September 23 and consisting of approximately 7 000 cases. 
Typhoid fever made its appearance about October 1, and after October 12 
the typhoid fever cases increased very rapidly, the epidemic mounting to a 
peak on November 1. Thereafter, a rapid decline occurred. The total 
number of typhoid fever cases which were reported and investigated was 
884, including not only the epidemic cases but those which preceded and 
followed the epidemic, a period of two months. The total number of deaths 
resulting from the epidemic was 27. Chart No. 1 illustrates graphically the 
course of the epidemic. 

While investigations showed that the typhoid fever epidemic started 
about October 1, the actual existence of typhoid fever within the commu- 
nity was not known until October 13. In the early part of October the city 
health commissioner issued a public warning that the water from the public 
water supply should be boiled, but this warning was only based upon a 
policy of playing safe, and was not the result of knowledge that the water 
was contaminated. In fact, at that time the water supply of the city was 
still considered to be above suspicion owing to its previous history. The 
State Department of Health was called upon October 13, 1920, to investi- 
gate the enteritis outbreak, and in connection with this investigation, which 
was conducted by an epidemiologist of the department, the existence of a 
few cases of typhoid fever in the city was learned. Circumstantial evidence 
pointed to the public water supply as the cause for the enteritis, and ac- 
cordingly a boiling notice was repeated on October 15, and request was made 
by the epidemiologist for an engineering investigation of the water-supply 
system. This was conducted as promptly as possible, and included field 
analyses of water samples. The results of this study are shown graphi- 
cally by Plate No.II. The result of this investigation fixed the water supply 
conclusively as the cause of the epidemic, and accordingly disinfection of the 
water supply with liquid chlorine was decided upon and started October 20. 
It is pertinent to observe that at this time the local health department knew 
of only four cases of typhoid fever in the city, but as the subsequent studies 
demonstrated, about 100 persons were suffering from the disease at the time 
whose cases had either not been diagnosed or had not been reported. The 
disinfection of the public water supply checked the epidemic. It of course 
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did not affect those persons who had received infection previous to October 
20, but it prevented further infection, and subsidence of the epidemic 
occurred on schedule time. The size of the epidemic was not realized until 
the early part of November, when reports of cases multiplied, and on 
November 9, at the request of the city officials, the State Department of 
Health assumed charge of the local situation and sent representatives to 
make a thorough investigation and apply necessary remedial measures to 
prevent the spread of the disease. 


SANITARY INVESTIGATION. 


When the representatives of the State Department of Health under- 
took the investigation on November 9, practically no accurate information 
regarding the epidemic was available except the knowledge that the public 
water supply had been the medium of infection, and that by instituting 
chlorination on October 20, this cause of the disease had been removed. 
It became necessary, therefore, to institute a careful inquiry regarding the 
situation throughout the city, and for this purpose what has been termed a 
sanitary investigation was made. This comprised a visit to each occupied 
building within the city and in the built-up district surrounding the city, a 
total of 2630 places. Information was obtained regarding cases of illness, 
and the nature of the same, occurring after September 1; the source of the 
water supply used prior to illness; the existence of a water-service connec- 
tion, a private well or other private source of supply, and the existence of a 
sewer connection, privy or cesspool. In addition, printed notices were left 
at each place, containing a warning to boil all water used for drinking, and 
giving instructions regarding disinfection of stools from typhoid fever 
patients. This sanitary investigation would not have been possible had it 
not been for the earnest effort of the local War Workers Organization. By 
the united effort of the members of this organization, the sanitary investi- 
gation was practically completed during a period of twenty-four hours, 
making the information promptly available. The results of this sanitary 
investigation gave information which was the basis upon which the epi- 
demiological investigation was made and the various remedial measures 
were applied to check the spread of the disease. 


EPIDEMIOLOGICAL INVESTIGATION. 


. Starting on November 9 and continuing until the epidemic had sub- 
sided, a careful and thorough epidemiological investigation was made of 
each case. The usual information regarding each case was secured, con- 
sisting of the date of first symptoms, the date taken to bed, the location of 
the case, the sex, age and color, and an inquiry to determine the possible 
exposure factors during the period when the disease was contracted. These 
factors include the milk supply, the food supply, the water supply, the at- 
tendance at public gatherings, and the opportunity for contact infection. 


| : 
| 
| 
; 
ne 
te 
. 


340 THE TYPHOID FEVER EPIDEMIC AT SALEM. 


I shall not endeavor to present any details of the results of the epidemio- 


logical investigation. All sources of infection were clearly eliminated. 


except the public water supply of the city, which was found to be the com- 
mon factor. The chronology, distribution, and general character of the epi- 
demic also pointed to the public water supply as the cause. Therefore the 
evidence established the epidemiological diagnosis “‘ that the contamination 
of the public water supply was the cause of the epidemic.” 


DESCRIPTION OF WATER SUPPLY. 


The following description of the public water supply system of Salem 
applies to the system as it existed prior to the epidemic, and does not in- 
clude the changes or improvements made subsequently. The Salem Water 
Company started the development of the present system in 1887, con- 
tinuing its ownership until 1899, when the Salem Water Works Company 
succeeded to ownership. In 1909, the system became the property of 
the city. The water supply is obtained from four general sources, as fol- 
lows: The Garfield Avenue wells, located immediately northeast of the 
central portion of the city; the Whinnery wells, located approximately 
one-half mile west of the city; the Lease well, located approximately one- 
quarter mile west of the city, and the Zelle well, located immediately north 
of the city. The water is lifted from the various wells either by air-lift or 
deep well pumps, and delivered by gravity lines to storage reservoirs lo- 
cated near the main pumping station in the westerly portion of the city, 
and from these reservoirs the supply is pumped to the distributing system. 
The general locations are shown by Plate No. II. 

The Garfield Avenue wells are very poorly located, being on a tract of 
land occupied by a high-school building and in a district which is entirely 
built up with residences, many of which are accompanied by privies and 
abandoned private wells. There are also sewers and other contaminating 
influences near the wells. Wells were developed at this site as early as 
1882, before the water company assumed control, and these were con- 
tinued in use until 1898, when additional wells were drilled and the old wells 
deepened. At this time the water was pumped from the wells directly into 
the distributing system, but in 1900 air-lift equipment was installed to 
pump the wells, and a gravity line was constructed extending from the site 
of the wells to the reservoirs at the main pumping station. The wells have 
been operated in this manner since 1900. The Garfield Avenue wells are 
265 ft. in depth, penetrating 12 ft. of clay, 100 ft. of brown sandstone, 80 ft. 
of fire-clay or soapstone, and extending the rest of the way through white 
sandstone. The casings of the wells extend to a depth of about 100 ft., and 
the water is mainly derived from the white sandstone. The gravity line has 
a lotal length of 3 400 ft. and is constructed of 12-in. vitrified, salt-glazed, 
double-strength sewer pipe in 3-ft. lengths, with deep and wide sockets. 
Joints were made with cement. The line extends in Green Street and 
Jennings Avenue, both of which are almost completely built up, and there 
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are numerous sources of contamination of the shallow ground water along 
the route of the line. Private and public sanitary sewers parallel and cross 
the line and are at points at elevations higher than that of the gravity line. 
The location of the gravity line is shown by Plate No. III. The Garfield well 
development is unsatisfactory on account of the unfavorable location of the 
wells themselves, and also on account of the use of a gravity line which 
subjects the water to dangerous contamination. While these conditions 
. were recognized to be potentially dangerous they had not caused trouble 
prior to the epidemic. Samples from the wells collected at various times 
during the past twenty years have given satisfactory results, and this is true 
also of samples collected from the reservoirs receiving the discharge from 
the gravity line. 

In 1903 it became necessary to increase the water supply, and the 
Salem Water Works Company started the development of the Whinnery 
wells at a point about one-half mile west of the city. The original instal- 
Jation comprised six wells, and five additional wells have been installed from 
time to time since 1903. The site of the wells is satisfactory. The sur- 
rounding country is open farm land and there are no nearby sources of 
contamination. The wells are 180 ft. to 200 ft. in depth, penetrating 85 ft. 
of clay, 80 ft. of white sandstone, a few feet of limestone and a stratum of 
black slate. The supply is obtained from the white sandstone formation. 
Four of the wells are pumped by deep well pumps, and six of them are 
pumped by air-lift. The water is discharged into a gravity line which ex- 
tends a distance of some 5 700 ft. in an easterly direction, to the reservoirs 
at the main pumping station. This gravity line is well constructed of 10-in. 
cast-iron pipe with leaded joints, and is probably water-tight. The fittings 
at the tops of the casings of the wells equipped with deep well pumps are 
apparently tight. Brick cisterns with plank covers are placed around the 
tops of the wells pumped: by air-lift. The covers are not securely fastened 
and are not tight, and the cisterns in general have been permitted to de- 
teriorate so that the water as discharged from the wells is exposed to possible 
contamination. This is the only unfavorable sanitary feature of the 
Whinnery well development. Samples from the Whinnery wells have 
always shown this supply to be of excellent sanitary quality. 

The Lease well, which is located about one-quarter mile west of the 
city, between the Whinnery wells and the city, was developed in 1914 and is 
similar to the Whinnery wells. It is pumped by air-lift and is provided 
with a brick cistern. The same comment made in regard to cisterns at the 
Whinnery wells applies to this development. Samples from the Lease well 
have always shown freedom from contamination. 

During 1916, the city increased the available water supply by drilling 
wells on the Zelle Farm, located immediately north of the city. The lo- 
cation of these wells is satisfactory and the city owns a 24-acre farm at this 
point. Only one well is now in service. This is approximately 180 ft. in 
depth and penetrates 35 ft. of sand and gravel, 5 ft. of shale, an unknown 


| 
| 
: 
| 
| 
| 
: 
RRS 
3 


DITTOE. 343 


thickness of brown sandstone, and an underlying soapstone formation. 
The well is plugged at a depth of 165 ft. The water is obtained from the 
brown sandstone formation. The well is pumped by direct suction, the 
water being discharged into a gravity line constructed of 6-in. cast-iron 
pipe with leaded joints and extending from the well site in a general south- 
westerly direction to a connection with the old vitrified pipe gravity line 
serving the Garfield Avenue wells. From this point the combined flow of 
the Garfield Avenue wells and the Zelle well is conveyed in the vitrified 
pipe line to the reservoirs at the pumping station. The tops of the wells at 
the Zelle Farm are not securely closed to prevent entrance of chance con- 
tamination, but otherwise the well development is satisfactory. The 
gravity line is poorly located, as it extends along the banks of a small stream 
and is, therefore, subject to washout. Evidence also indicates that the 
joints of this line were not made properly and that many of them are leaky. 

The water from the various sources of water supply delivered through 
the gravity lines is received in storage reservoirs constructed at various 
times between 1887 and 1917. These comprise Reservoir No. 1, a circular 
structure 91 ft. in diameter and 12 ft. in depth, with a stone wall and a 
concrete bottom and cover; Reservoir No. 2, a rectangular structure 100 ft. 
by 70 ft. in plan and 14 ft. deep, with concrete floor, walls and cover, and 
Reservoir No. 3, a rectangular structure 159 ft. by 107 ft. in plan and 10 ft. 
deep, with concrete floor, walls and cover. In addition, there is a pump 
well 36 ft. in diameter and 16 ft. deep, with a concrete floor, brick walls, and 
timber cover from which the pump suction is normally taken. The reser- 
voirs are so connected that water may be discharged into either Reservoir 
No. 1 or No. 2, and may be drawn to the pumps from the suction well or 
from Reservoir No. 2 or No.3. The general arrangement of the reservoirs 
is shown on Plate No. I. 

The condition of the reservoirs and suction well is not satisfactory. 
The bottoms of all the reservoirs are in a leaky condition and the walls of 
Reservoirs No. 2 and No. 3 and of the pump well are also leaky. This per- 
mits the entrance of shallow ground water into the reservoirs when the water 
within them is lowered to an elevation below that of the surrounding 
ground water. This is of particular importance when it is known'that the 
reservoirs are located at about the lowest elevation within the city, to which 
vicinity practically all of the natural and artificial drainage is directed. 
The main trunk sanitary sewer of the city passes Reservoir No. 3 at a dis- 
tance 23 ft. from its west wall. 

The water supply is in general use by the citizens of the city, and prior 
to the epidemic was popularly accepted as a pure supply. It is also made 
available to the industrial plants of the city which generally maintain 
private supplies obtained from wells similar to those of the city. Careful 
investigation revealed existence of a number of cross-connections with the 
public supply. 
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Summarizing the above description of the water supply system of the 
city, it will be noted that while the water had for a number of years been 
considered safe, due to favorable analyses and absence of outbreaks of 
water-borne disease, there existed at the time of the epidemic a number of 
defects in the development of the system. For convenience these will be 
repeated as follows: 


1. The location of the Garfield wells is unsafe. 

2. The gravity line serving the Garfield Avenue wells is of unsafe con- 
struction, probably not water-tight, and as it passes through the built-up 
portion of tke city the water supply is thus rendered subject to contami- 
nation. 

3. Tle tops of the various wells are not securely closed. 

4. The iron pipe gravity line serving the Zelle well is poorly located 
and has poorly leaded joints. 

5. The reservoirs have leaky walls and bottoms, subjecting the water 
supply to canger of contamination by shallow ground water. 

6. Cornections to the water-works mains exist, whereby private 
water supplies may reach the distributing system. 

7. While not directly connected with the sanitary safety of the 
water supply, mention must be made of the inadequacy of the supply, 
which has caused several severe shortages during recent years. 


MANNER IN WHICH THE WATER SUPPLY BECAME CONTAMINATED. 


Recognizing the various defects of the water-works system, it became 
necessary to determine beyond reasonable doubt the manner in which the 
public water supply became contaminated and thus caused the epidemic of 
typhoid fever. The investigations and studies of this matter required much 
time and painstaking care, and obviously consideration of each defect was 
demanded. The first investigation, made October 18 and 19, including 
bacteriological examination of samples, indicated that the contamination 
was reaching the water supply through the vitrified pipe gravity line serving 
the Garfield Avenue wells, and these results warranted the presumption 
that this was the cause of the epidemic. Plate No. II shows these results. 
Accordingly, in addition to chlorinating the water supply, beginning Octo- 
ber 20, the use of this gravity line for the Garfield Avenue wells was termi- 
nated October 27, as soon as pumping equipment could be installed and the 
water delivered directly into the distributing system. It was necessary to 
continue the use of the power portion of the vitrified pipe gravity line for 
conveying the water from the Zelle well until December 3, when a new 
cast-iron line was completed. A careful consideration of the various de- 
fects of the water-works system finally eliminated all possible causes of 
contamination except the vitrified pipe gravity line. Taking up each of the 
defects, it may be advantageous to indicate how they were eliminated. 

The possibility of deliberate or accidental contamination of the water 
supply through the tops of the well casings cannot be eliminated definitely, 
but this does not appear as a probability, particularly in view of the fact 
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that the history of the epidemic indicates that the water supply was infected 
on more than one occasion during the time the outbreak was developing. 

Direct comtamination of the Garfield Avenue wells probably did not 
occur, as samples collected from them for a long period of years prior to the . 
epidemic and during the period of investigation after the epidemic started 
did not show contamination. 

The cast-iron pipe gravity line serving the Zelle well under certain 
circumstances might have admitted contamination through a leaky joint, 
but this possibility is removed by the evidence that the line was under in- 
ternal pressure continuously from the spring of 1920 until October, 1920, 
at points where it would be possible for contamination to reach the line. 
Furthermore, analyses of samples from this line failed to show contami- 
nation. 

The cross-connections on the distributing system, permitting discharge 
of water from private industrial water supplies, are not held accountable, 
due to the fact that these supplies are generally of the same character as the 
deep well supplies of the city, and, furthermore, the distribution of cases 
throughout the city would not correspond with contamination in this 
manner. 

In spite of the unsatisfactory construction of the reservoirs and pump 
well at the main pumping station, a careful investigation produced evidence 
showing that these structures were not responsible for the typhoid fever 
outbreak. Evidence was obtained showing that at no time during the 
summer of 1920 did the level of water in the reservoirs fall below that of the 
shallow ground water surrounding them. A test was conducted to determine 
whether it would be possible for sewage to pass from the main sanitary 
trunk sewer of the city to Reservoir No. 3. This was done by plugging the 
sewer so as to place it under a head of 6 ft., adding at the same time to the 
sewage a considerable quantity of uranine, which is a very intense green dye. 
Previously, Reservoir No. 3 had been completely emptied, and it was noted 
shallow ground water seepage entered through the walls and bottom. This 
condition was permitted to continue for slightly more than one hour, and 
samples of the seepage reaching the reservoir were regularly collected, but 
failed to show evidence of the uranine color. 

The study of the vitrified pipe gravity line serving the Garfield Avenue 
wells gave conclusive results that the water supply was contaminated by 
leakage of sewage into this line. This line extends in Green Street and is 
paralleled by a sanitary sewer, a storm sewer and two private sewers. One 
of these private sewers, known as the Brooks sewer, was installed a number 
of years ago for private use, but was later connected to the sanitary sewer 
system of the city and was continued in use as a combined sewer. Not 
only did it receive sewage from a number of residences and a church, but it 
also received the surface run-off from a built-up area of several acres, this 
reaching the sewer through a catch basin near its upper end. The Brooks 
sewer was constructed with open joints, and the pipe was without bell ends. 
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It, therefore, must have been leaky. A storm sewer paralleling it had dis- 
charged sewage for several years, and a nuisance had been created at the 
outlet. This sewage was probably reaching the storm sewer by seepage 
from the Brooks sewer. An effort was made by the employees of the city 
to correct these conditions, but it was impossible to discover what dwellings 
were connected to the Brooks sewer. Therefore, on August 17, 1920, a 
plug was inserted in the Brooks sewer, at Howard and Green streets, by 
employees of the city, with the thought in mind that sewage would back up 
in this sewer and flood cellars of dwellings connected to it, thus bringing 
about complaints which would expose the existence of connections to the 
sewer. However, no complaints arose, and apparently the sewage continued 
to leave the Brooks sewer through the open joints without backing up 
sufficiently to flood cellars. With these conditions existing, heavy rainfall 
occurred during the last four days of August, 1920. This was followed by 
an outbreak of enteritis. Other heavy rains occurred September 9, Sep- 
tember 27, September 30, and October 1, and apparently were the fore- 
runners of the typhoid fever epidemic. 

While all of the evidence strongly pointed to soundness of the belief 
that the Brooks sewer and the gravity line were the causes of the epidemic, 
it appeared necessary to prove the possibility of passage of sewage from the 
Brooks sewer to the gravity line. In an effort to do this, a sampling man- 
hole was placed on the gravity line near its lower end, where the seepage 
leaving it could be observed, sampled and measured. It was soon found 
that the seepage was contaminated ground water, and that the rate of flow 
was influenced by rainfall. A concentrated salt solution was introduced 
into the Brooks sewer above the plug, and at the same time the Brooks 
sewer was filled with water from a fire hose to imitate surcharging such as 
would be caused by rainfall. Careful examination of samples from the 
gravity line showed an appreciable increase in the chlorine content, 30 parts 
per million being present before the test and 46 parts per million after the 
salt was applied. This was not considered to be sufficiently conclusive, and 
further tests were made using uranine. This was applied at the storm- 
water inlet to the Brooks sewer, at the same time filling the sewer with 
water from a fire hose. Within two hours after this dye was applied at the 
storm-water inlet, a definitely noticeable green discoloration appeared in 
the seepage from the gravity line at the sampling manhole. Allowing for 
the time for flow in the Brooks sewer and in the gravity line between the 
storm-water inlet and the sampling manhole, the time for transfer from the 
Brooks sewer to the gravity line could not have exceeded thirty minutes. 
These investigations established conclusive evidence that the typhoid 
epidemic at Salem was caused by the passage of sewage from the Brooks 
sewer to the gravity line. Important confirming evidence is furnished by 
the fact that about October 1 there was a case of typhoid fever in a dwelling 
connected to the Brooks sewer, the stools from which were flushed directly 


into this sewer. 
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Measures TAKEN TO CONTROL THE EPIDEMIC. 


The placing in operation on October 20 of a disinfection plant to treat 
the public water supply of the city at the main pumping station effectually 
checked the epidemic. This was the most important step taken to prevent 
the continued spread of the disease. Added safety was secured by aban- 
doning the use of the vitrified pipe gravity line for delivery of water from 
the Garfield Avenue wells on October 27, and by the reconstruction of the 
lower end of this line, using cast-iron pipe which was placed in service for 
the delivery of water from the Zelle well on December 3. An added 
measure of safety was provided by placing in operation on December 11 a 
liquid chlorine machine to treat the water pumped from the Garfield Ave- 
nue wells into the mains. Daily analyses of the water as delivered to the 
consumers indicated that after the disinfection of the supply was started 
the water was safe for drinking purposes at all times. 

Owing to the intensity of the epidemic, however, and particularly 
recognizing the results of the sanitary investigation, it was deemed advis- 
able to place in effect other measures to prevent the spread of typhoid fever. 
The sanitary investigation revealed the existence of some 276 private dug 
wells, 127 private drilled wells, and many cisterns throughout the city. 
The majority of these wells and cisterns were old and unused prior to the 
epidemic, but owing to the suspicion which was aroused regarding the pub- 
lic water supply the people generally turned to private sources of drinking- 
water supply. Accordingly, it was felt that some definite measures should 
be taken to protect the inhabitants of the city from disease which might 
arise from the use of such private supplies, as such supplies were in constant 
danger of contamination by the discharges of typhoid fever patients. 
Public warnings were given against the use of dug wells and springs, and, 
in addition, 100 dug wells and 37 cisterns were disinfected by applying to 
each one pound of hypochlorite of lime. This effectually prevented the use 
of such wells. 

The sanitary investigation revealed the existence of 441 privies, the 
most of which were of improper construction. As it was thought that 
many of these had been used by persons suffering from typhoid fever in- 
fection it was deemed advisable to attempt disinfection of these privies. 
Accordingly, each privy vault in the city was treated with approximately 
five pounds of hypochlorite of lime. 

Particular emphasis was placed upon the disinfection of stools from 
typhoid fever patients, and to facilitate this a supply of hypochlorite of 
lime in 1-lb. tins was secured by the city and distributed without cost to 
families in which cases of typhoid fever existed. 

It was not known what effect the sewage from the city might have upon 
the population downstream from Salem, and it was deemed justifiable to 
attempt disinfection of the sewage at the sewage treatment plant. For 
this purpose, a dry feed chlorine gas machine was installed to treat the 
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settled sewage. The amount of chlorine applied was approximately five 
parts per million, which was the maximum capacity of the machine. No 
bacterial results are available to show the efficiency of this treatment. On 
the Ohio River below the mouth of Little Beaver River are several com- 
munities in Ohio and West Virginia obtaining their public water supplies 
from the stream. Each of these communities was notified of the existence 
of the typhoid fever epidemic in order that they might take precautions in 
the treatment of their water supplies. 

Pasteurization of the entire milk supply of the city was effected. 
Fortunately, a large milk depot had been established at Salem and was 
equipped with efficient pasteurizing machines, making possible the treat- 
ment of the entire milk supply of the city. Regulations were also enforced 
prohibiting the leaving of milk containers at premises where typhoid fever 
existed, and prohibiting delivery of containers to purchasers at groceries 
and other places selling milk. These measures continued in effect until the 
epidemic had subsided. 

Prevention of the spread of the disease through contact is attributable 
to the efficient public health and private duty nursing service which was 
provided. Over 300 nurses responded to the general call for help, and as a 
result every patient in the city received daily nursing attention. Too much 
credit cannot be given to the nursing service for the prevention of the spread 
of the disease through contact and for the low mortality rate. 

Inoculation was generally taken advantage of by the people. It is 
estimated that at least 4.000 persons were inoculated. These included all 
of the food handlers of the city. 

Unusual medical service attended the treatment of this epidemic. The 
seventeen local physicians were assisted by three volunteer physicians from 
neighboring cities and six consultants. Dr. Henry A. Christian of Boston, 
Mass., did most to accomplish the proper treatment of the cases, to which 
must be attributed in a large measure the low mortality rate. Hospital 
facilities included five hospitals, four of which were improvised. The total 
capacity, 180 beds, was taxed during the peak of the epidemic. 


RECOMMENDATIONS MADE TO PREVENT A RECURRENCE OF THE 


The outstanding recommendations made by the State Department of 
Health to the city officials to prevent possibility of a recurrence of the 
‘typhoid fever epidemic relate to improvement of the public water-supply 
system. The following were the principal items of advice regarding the 
water supply: 


1. To continue chlorination of the water supply until improvements 
in the system could be made which would insure a safe water supply at all 
times. 
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2. To provide extensive improvements of the water-supply system to 
insure an adequate water supply of good quality, and pending the com- 
pletion of such improvements to take the following steps: 

3. To abandon permanently the Garfield Avenue wells, requiring in- 


crease of the other sources of water supply. 
4. To abandon permanently the vitrified pipe gravity line. This has 


been cone. 
5. To repair the cast-iron pipe gravity line serving the Zelle well field. 


6. To protect all wells from contamination by securely closing the 


tops of casings. 
7. To abandon or make water-tight the storage reservoirs at the main 


pumping station. 
8. To require abandonment of unsafe private wells. 


The foregoing recommendations have not been fully carried out to 
date, but the city has learned its lesson and is taking steps to follow these 
recommendations fully. 

In addition, recommendations were made to the city that legislation be 
passed providing for the proper control of the use of the sewers of the city 
in order to secure the use of the same in accordance with the purposes for 
which they were designed. Progress has been made looking toward the 
carrying out of these recommendations. 

In order to provide proper control of the milk supply, sanitary in- 
spection of dairies by the city was recommended and continued pasteuri- 
zation of the milk supply to the city until the epidemic had entirely 


subsided. 
Lessons LEARNED FROM THE EPIDEMIC. 


While the epidemic involved a great loss in life, money, and efficiency, 
it produced facts the recognition of which will prevent the occurrence of 
other epidemics of similar cause. The outstanding fact is the necessity of 
proper construction and maintenance of public water-supply systems. 
No city can afford to overlook this fact. All features of construction and 
maintenance of the water-supply system must be of highest standard to 
insure continuous safety. Another lesson learned is the necessity of 
analysis of the public water supply at regular intervals, regardless of its 
reputed quality. Had these lessons been learned and followed at Salem 
prior to the epidemic, it is safe to say that the epidemic never would have 
occurred. 

As a result of the Salem experience, the General Assembly of Ohio in 
1921 passed a law intended to provide better control of public water supplies 
in Ohio. This law contains the following principal features: 


1. It gives the State Department of Health general supervisory con- 


trol of all public water supplies. _ 
2. It requires the municipality or owner of the system to have 


analyses made regularly. 


+4 
| 


352 THE TYPHOID FEVER EPIDEMIC AT SALEM. 


3. It prohibits dangerous emergency supplies and cross-connections 
between public and private water-supply systems. 

4, It empowers the State Department of Health to require changes 
and improvements in public water-supply systems to insure safety. 


It is believed that the proper enforcement of this law will ac- 
complish much in the prevention of water-borne typhoid fever in Ohio. 


DISCUSSION. 


Mr. J. W. Lepoux.* There is one feature which seems to be very 
impressive, and that consists in laying a low-pressure water-supply pipe 
parallel to and close by a sewer which may be acting at a higher head. 
Even if this water pipe had been of cast iron and laid in the best manner 
possible, joint and other leaks are liable to subsequently exist, and with a 
terra-cotta pipe leakage was sure to exist, because there is not one man in a 
hundred who can be depended on to lay a terra-cotta pipe water-tight. In 
case of leakage, the sewage was sure to get into the pipe. The remedy 
would be either to design the system so that the water pipe would be under 
higher pressure than in the sewer or else to change the location entirely. 
The serious feature seems, to me, should have been anticipated in the 
beginning. 

Mr. Knowtes. There is no doubt it could have been, and I agree 
with you that it should have been anticipated. It is undoubtedly true 
that typhoid fever usually comes from things which could have been 
prevented. This was a tile pipe line which had open joints, and the sewer 
had open joints. Of course the thing could have been prevented by having 
tight lines or a pump with greater pressure so that the water would have 
gone out. Analysis would have told them there was danger, and they 
ought to have had continued analyses all the time. They trusted to the 
fact that the supply had had a good reputation for years. 

Mr. Freperic I. Winstowt (by letter). The paper of Mr. W. H. 
Dittoe, read by Mr. Morris Knowles at Bridgeport, is one of remarkable 
interest. It seems very much like the system in vogue in the old days in 
New England homesteads, where the privy and the well were placed side 
by side for general convenience. It is also not wholly unlike the case in 
England many years ago, where hop-pickers, brought down to the fields 
from London to gather the crop, camped on the soil, which happened to be 
marked by many crevices. The campers used the ground freely, with 
the result that the discharges found their way into a neighboring water 
supply and an epidemic of typhoid was the result. In the Salem case there 
appears to have been either culpable negligence or gross ignorance in the 


* Consulting Engineer, Philadelphia, Pa. 
+ Consulting Engineer, Framingham, Mass. 
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laying of the sewer and water pipes, when they must have been known 
to have been in close proximity; aside from the policy of collecting 
water for drinking purposes from a district where sewers existed in 
plenty. Incidentally, this case emphasizes the necessity and difficulty 
of maintaining a water supply without contamination, and a case came 
in the writer’s experience some years ago where a mild epidemic of 
typhoid attacked various sections of a town deriving its water supply 
from driven wells. The cause of the outbreak was never definitely 
ascertained; but a few years after the epidemic the writer found a 
connection into the fire piping of a large factory from a foul stream, 
and it transpired that a fire had occurred in this place at about the time of 
the epidemic, making it at least extremely probable that the connection was 
the cause of the trouble. It seems impossible that no one in the town of 
some intelligence knew of this possible danger and through lack of courage 
or energy did not like to make it known. 
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SOME OBSERVATIONS CONCERNING WATER-SUPPLY 
MAINS. 


BY J. W. LEDOUX.* 


The selection of the size and character of pipe or conduit is an im- 
portant duty of the designer of a water-works system. 

When there are required sizes 24 in. and upwards and pressures over 
50 lb. per square inch, where strict economy and satisfactory results are 
essential, a consideration of the various types of pipe obtainable is advisable. 

Some conservative designers would decide the matter offhand in favor 
of ordinary cast-iron pipe, which they estimate to be so far superior to all 
other types in all practical essentials as to leave no room for argument. 

In a large part of the United States, especially in the districts yielding 
limestone or hard waters, where the soil conditions are favorable, this 
position could not be seriously criticized, because the initial leakage should 
be immaterial, the cost of maintenance nominal, the lasting quality indefi- 
nite, and cast-iron pipe can be obtained readily in the competitive market 
throughout the East and Middle West. 

For the soft waters of New England and other states, the mountain 
regions and the colored waters of the Atlantic Coast, cast-iron pipe is under 
a disadvantage, and supply mains will lose a large portion of their carrying 
capacity within a very few years. Instances of small sizes losing 60 per 
cent. and large sizes 30 per cent. of their original capacity within twenty 
years are common. It is true the pipe can be cleaned and the original dis- 
charging capacity restored, but the effects of such cleaning seldom last long, 
so that ina short time, sometimes within a year after cleaning, the results 
are as bad as before, so to maintain the flow the cleaning has to be repeated 
frequently. 

Where the pipe has been designed with a large over-capacity, little 
trouble is noticeable to the water-works owners, who seldom investigate 
until they are in trouble, when an additional main is installed, which might 
have been postponed indefinitely if the pipe had retained its original 
capacity 

It is remarkable what a large reduction in discharge capacity tubercles 
will cause without materially reducing the internal volume of the pipe. In 
one case a 4-in. cast-iron pipe was tested in service and found to have a 
coefficient of 26 per cent. A typical section was taken out and its volume 
determined by filling with water. The tubercles, which were soft, were 
then cleaned out and the pipe again filled with water; when it was found 


*Consulting Engineer, Philadelphia, Pa. 
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the tubercles had occupied only 33 per cent. of the internal volume, and yet 
their roughness had the effect of reducing the pipe’s discharge capacity by 
74 per cent. which was later proved by cleaning a thousand feet of the pipe, 
when the coefficient was restored to 100 per cent. 

While there are other objections to cast-iron pipe, such as liability to 
electrolysis, inability to resist the corrosive effects of acid soil found in the 
coal mining regions and in cinder banks along the railways, these are 
insignificant when compared with the reduction in carrying capacity. 

If a 16-in. pipe is good for 3 000 000 gal. per day, and its capacity is 
reduced by 20 per cent. and water is worth 5 cents per 1 000 gal., there is a 
theoretical loss of $30 per day, or over $10 000 per year. 

While water-works engineers have for many years recognized this vital 
defect of cast-iron pipe, the knowledge is now becoming so widespread that 
many minds are casting about for a substitute that will retain its carrying 
capacity; and it is tobe hoped that in the near future a material will be found 
that will combine all the virtues of cast iron, but will not rust or tuberculate. 
In fact, it has been alleged that such an iron or metal alloy can now be 
produced at commercially permissible prices. 

It is sometimes held that success can be attained by a suitable coating 
or paint, but these have all been tried without permanent success. Copper, 
tin, lead or zine lining offers better possibilities of success, but they are ex- 
pensive. Cement lining is undoubtedly a certain protection, but it is 
expensive and has to be applied of such thickness as to materially reduce the 
discharging capacity. There is also an apparent difficulty due to the in- 
ability to make the inner lining continuous; but it is believed that material 
corrosion or tuberculation of the iron will not take place in the dead spaces 
separating the ends of the cement lining. 

Cement lining has its best application in connection with wrought-iron 
or steel pipe, as has been proved by over thirty years’ experience on a scale 
large enough to be conclusive. The only difficulties were with the joints, 
the tapping, and the competition with cast-iron pipe. But this kind of 
pipe became discredited, due to certain pipe contractors who tried to reduce 
the cost by cheap workmanship and the use of lean mortar. 

For low head and large sizes, reinforced concrete is practical and 
successful, particularly since good and economical expansion joints have 
been designed. For high heads, it will in all probability be necessary to use 
a thin sheet-steel tube within the reinforced concrete. 

Some firms are now ready to furnish, install, and guarantee this class of 
pipe for mostly any conditions and pressure. It has the great advantage 
that it can be fabricated complete in large quantities at or near the site of 
the installation, which is impracticable with any form of metal pipe. 

Wood pipe has for many years been exploited and used as a substitute 
for cast-iron pipe. Where the material, design, and construction have 
been good and the conditions suitable, these pipe installations have been 
satisfactory for pressures below 150 Ib. per square inch. 
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However, many mistakes have been made, — sometimes through undue 
zeal to secure a contract, but generally due to ignorance and lack of skill, 
which seem to be a frequent accompaniment of this line of activity. 

There are two distinct types of wood-stave pipe, — the factory-made 
and the continuous. The former also varies in form of joint and in steel 
reinforcement; the commercial type being machine spirally banded with 
mortise and tenon joints. Another type is a machine spirally wire wound, 
and still another form, where the steel reinforcement consists of independent 
rods and malleable cast-iron lugs. The wood staves vary from 1} to 3 in. 
thick, 13 in. being the most common thickness. 

With the continuous wood-stave pipe the staves are usually of less 
thickness, but independent rods and lugs are universally used. In any 
case the use of a soft wood is imperative, and preferably a wood containing 
no knots or other imperfections. Clear white pine, Norway pine, redwood 
and fir are the woods that should always be used, but occasionally some 
unscrupulous contractor tries scrub, or sap pine, with eventually bad 
results. 

In a continuous wood-stave pipe, the staves of the proper quality and 
shape, the metal strips, and the independent rods and lugs are sent from 
the factory to the ground and there put together by men experienced and 
skillful in this line of construction. The iron hoops are properly spaced for 
the pressure, and are screwed together and made tight on the pipe by screw- 
ing up by hand operation. The material coming on the ground in that form 
readily lends itself to thorough inspection, and in this respect the pipe has 
the advantage over the factory-made pipe, which is all fabricated complete, 
except the end joints, but in the continuous pipe the tension on the rods 
depends on the uniform skill of the workmen. Undoubtedly some of the 
rods must be tighter than others, and the water pressure being uniform will 
subject these tight ones to the greatest pressure. 

The safety of the pipe, therefore, under these conditions is undoubtedly 
due to the fact that the wood will accommodate itself by abrasion so that 
each rod will take its portion of the stress. If it were not for this effect the 
continuous wood-stave pipe would not be so reliable as the factory-made 
pipe, where the bands are wound on the pipe by machinery under uniform 
tension. The factory-made pipe has an additional advantage that the iron 
bands are readily protected by dipping and revolving the surface of the pipe 
in a hot asphaltic material, and afterwards rolling in sawdust. This forms 
an excellent protection, which cannot be done satisfactorily after the pipe 
is put in the trench. Another advantage of the flat bands is that they 
do not indent the pipe as do round rods. 

But even if the pipe be first class in every respect, unfavorable con- 
ditions of installation and operation will soon cause trouble and un- 
deservedly injure its reputation. 

Where the soil is dry and porous and the pipe not continually sub- 
jected to a fairly strong pressure, the wood will not last many years, and 
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where a wood pipe is used as a pumping main and subjected to high pressure 
for a part of the time and to very-low pressure for long periods, there is sure 
to be trouble due to leakage of the joints and the staves. There are some 
soils of a silty nature in which wood and iron will last indefinitely, even if the 
pipe is not subjected to material pressures. The ideal condition for a wood- 
pipe conduit is where the entire pipe is always subjected to fairly constant 
pressure. Such a condition is obtained by pumping to an elevated reser- 
voir kept constantly supplied with water, and, when the pump stops, the 
pipe is under the pressure of the reservoir. If the friction when pumping is 
such that the pressure at the pumping station is, say, 75 lb. per square inch, 
and when the pumps stop, only 30 lb. per square inch, the conditions can 
be considered good. In a gravity main, if the pressures at the inlet and 
outlet ends are always not less than 20 lb., and not greater than 150 lb., the 
conditions may be considered good, provided the pipe is not operated under 
a low pressure for a long period and later under a much higher pressure. 

As an example of very bad practice, a 24-in. wood pipe was laid along 
a salt marsh for many miles from the pumping station to a standpipe; the 
pumps usually worked from eight to fifteen hours per day. The pipe was 
not entirely submerged in the soil, and the tides covered and uncovered the 
pipe every day. Soon a considerable amount of leakage resulted, to avoid 
which the owners of the water works installed at the standpipe a check 
valve, which closed as soon as the pumps stopped. This allowed the pipes 
to become practically empty and accumulate air. Naturally, conditions 
rapidly became worse, so that in a few years the pipe was in bad condition 
and discredited. For a condition like that it would have been much better 
to have laid the pipe exposed on supports above the action of the tides, and 
accessible for inspection and repairs; then it should have been subjected 
always to the pressure of the standpipe even when the pumps were stopped, 
and no check valve should have been installed. 

Another case consisted of a 24-in. wood pipe ten miles long. This was 
machine spirally banded, and the joints were mortise and tenon. The 
wood was of Norway pine, 2 in. thick. The pumps worked at about two 
and a half million gallons per day, which subjected the pipe to a pressure 
at the pumping station of 18 lb. per square inch. The outlet was in the 
bottom of a reservoir about 6 ft. deep, and when the pumps were stopped, 
the pipe was subjected to 12 lb. per square inch hydrostatic pressure. The 
country was very flat; there were no elevations more than 28 ft. above tide. 
The pipe was laid with an average cover of about 23 ft., and crossed under 
the deep ditches of the various farms, these ditches being from 1 000 to 
3 000 ft. apart and some 3 to 6 ft. deep. The result was that the line con- 
sisted of a series of summits and depressions at the ditches. While there 
was a large amount of leakage at first, this gradually took up, so that after 
a year the total leakage was not more than 50 000 gal. per day. After five 
years of operation under these conditions it was decided to pump at the rate 
of 8 000 000 gals. per day through the line, which would cause a pressure at 
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the pumping station of about 60 Ib., but the iron banding was originally 
good for 80-lb. pressure, so there was no difficulty on this score. 

Duplicate electrical pumps were installed, and when the first was 
ready to operate, water was pumped through the line at the rate of about 
5 000 000 gal. per day; pumping pressure 30 lb. per square inch. The 
leakage was inordinately high. In order to locate this leakage, line valves 
were successively shut and pumping was continued with a by-pass to the 
suction well, open sufficiently so as not to cause a pumping pressure of more 
than 30 1b. It was found in the first 11 000 ft. under this pressure there 
was a leakage of 4600000 gal. per twenty-four hours, or nearly the full 
capacity of the pump; and that a slight reduction in pressure reduced the 
leakage materially. An examination of the line showed that this leakage 
took place in nearly every joint and along the stave joints for the first five 
miles, the amount increasing near the pumps. 

After many days’ tests and examinations, it was decided to repair the 
joints of the first two miles, and band the first mile with independent 3-in. 
round rods and double lugs, spacing the rods 43 in. apart. 

After this work was done, a test of the first section was made, subject 
ing the pipe to about 65 lb. pressure, and the leakage was reduced from 
700 000 gal. under 21 Ib. pressure to 100 000 gal. per twenty-four hours 
under 65 lb. pressure. 

Before a satisfactory repair joint was designed, many experiments were 
made. The first, designed by the manufacturers of the wood pipe, consisted 
of a steel band clamp, 4 in. wide, about } in. thick, spaced around the 
joint and clamped at the top by means of a bolt, using tarred jute between 
the clamp and the pipe. These were only temporarily successful, and, be- 
sides, very costly. The next plan was as follows: 6-in. steel bands placed 
over the joint, leaving }in. space, were made in two sections and bolted to- 
gether, and, the joint having been calked previously with lead wool or jute, 
the space was then filled with leadite. This also did not prove successful, 
because the leadite soon deterioated the material, particularly the bolts, so 
that within a week or more they broke under pressure. Pure cement was 
then used, which proved successful and permanent, but the cost was high on 
account of the large bell holes that were required to make a good job at the 
bottom of the pipe; and the trench was wet, which increased the difficulty. 
Finally a joint was devised which proved practical, economical, and suc- 
cessful. The joint was scraped off all around the pipe, and at the top for a 
length of 12 in. it was calked with lead wool. A strip of rubber 75 in. long, 
13 in. wide and } in. thick was stretched around the pipe and centered 
directly over the joint and tacked on the pipe at each end, leaving a space 
between the ends of about 6 in. Upon this was placed a wrought-iron hoop 
3°; in. thick, 1} in. wide, and made taut by a bolt and lug. There were 
two ways of making the band. One was to forge one end into a 3-in. round 
for a space of 4 in., leaving a button head on the end; the other end 
was forged into a 3-in. round for 7 inches and a 2-in. standard thread cut 
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for the distance. A single standard malleable iron lug was used, as 
shown in this sketch. The other method of making the bands proved 
the most practicable. A 3-in. round rod was flattened out to the required 
thickness and width by means of a steam hammer, leaving the ends the re- 
quired shape. It was found best to bend the rods to circular form at the place 
of fabrication. These rods could readily be put in place by average men 
after two or three days’ practice. The work was done without interrupting 
the service of the pipe line, but before back-filling the trench a valve was 
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closed and the pressure brought up to the maximum, and any joint that 
leaked was tightened at the lug and the bands hammered on the sides where 
necessary. 

An attempt was made to substitute for the rubber band ;-in. sheet 
lead, which was far less costly; but this was not nearly as satisfactory on 
account of its lack of flexibility, so that it was very difficult to stop the 
leaks, especially where the surface of the pipe had any irregularities. 
Besides, many years’ previous experience under like conditions had proved 
that the rubber effected permanent repair. 

After the first mile was made tight by banding the entire pipe and re- 
newing each joint, it was found that stave leaks could be stopped by driving 
hardwood wedges between the iron bands and the staves at the horizontal 
center of the pipe, so it was not necessary to put independent rods and lugs 
on more than about 8 000 ft. of pipe, and it is ‘quite likely that if the 
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subsequent conditions were known in the beginning, even the first mile 
would not have had to be treated in this manner. 

After the repairs were made in what was considered a sufficiently 
satisfactory manner a test was made of the entire 40 000 ft. of pipe pumping 
through the line at the contract rate, equivalent to over 8 000 000 gal. per 
twenty-four hours. The leakage was found to be about 200 000 gal. per 
twenty-four hours, which was determined by making a Pitot tube measure- 
ment at both ends of the line, while the pumping continued at the same rate. 
The Pitot tube was checked by means of a Venturi type of meter at the 
pump end, and the discharge at the upper end was checked also by means of 
a rectangular weir, but the close measurement of leakage was determined in 
the following manner. While the pumping was going on at the contract 
rate, pressures were taken every mile and recorded. Then at the pumping 
plant a 2-in. by-pass with a 2-in. Empire meter was laid around a main 
valve. The line was then divided arbitrarily into six sections, the division 
points being the existing gate valves. The sixth valve, or farthest from the 
pump, was closed and the pump was kept working at the regular rate, dis- 
charging sufficient water into the suction well through the by-pass until the 
pressure at the pumping station equaled that which was previously found on 
the sixth section, and the discharge through the Empire meter recorded. 

Then the fifth valve was closed and the same pressure maintained on 
the line. The Empire meter reading was then recorded, and the difference 
between these two gave the leakage on the sixth section. The by-pass was 
then closed sufficiently to subject the line to the pressure corresponding to 
that previously found on the fifth section, and the meter reading recorded. 

The fourth valve was then closed and the remaining part of the line 
subjected to the pressure previously found for the fifth section, and the 
meter reading again recorded. The difference between these last readings. 
represented the leakage on the fifth section. 

In this way the entire line was tested, and the sum of the separate 
leakages represented the total leakage on the line under normal conditions. 

At the pumping station the maximum pressure when pumping through 
the entire line was about 58 lb. per square inch, and the pressure at the far 
end for the test was not more than 13 lb., so under these conditions the 
Empire meter did not have to discharge at any time ata higher rate than 
70 gal. per minute 

There was one very important feature, without which it would proba- 
bly have been impossible to have repaired this line at all, and that consisted 
of the use of white-pine sawdust, which was applied in the following manner: 
A connection was made with the suction of the pump and the bottom of an 
open barrel, which was kept full of water by a spigot at the top. Sawdust 
was stirred into this barrel, and the valve to the suction opened a sufficient 
amount so as to apply about 100 lb. of sawdust an hour. The pump was 
run at full rate, and a calculation was made to determine when the sawdust 
would reach a certain litie valve. This was then shut by pre-arrangement 
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and the by-pass opened back to the suction, so that the pressure on that 
portion of the line would be no greater than it would be under regular opera- 
tion. The sawdust would then stop the leaks, and discharge through the 
line was determined by the station meter. In this way the entire line was 


treated, and the leakage immediately reduced by at least 50 per cent., and 
the effect was permanent, not so much due to the sawdust as to the 
following condition: 

This pipe had been subjected to only 18-lb. pressure for the first four 
years, and the earth fill over the top of the pipe had exerted sufficient pres- 
sure to gradually flatten the pipe, so that by test it was found that the hori- 
zontal internal diameter was 253 in. and the vertical diameter 22} in. A 
similar condition prevailed practically through the length of pipe. When 
the high pressure was put on, the pipe assumed a circular form, which could 
be seen by a crack along the surface of the ground over the pipe. Natu- 
rally this resulted in the leakage at the horizontal diameter of the pipe, and 
at the joints. After operating the pipe a considerable time under the 
higher pressure, a large amount of the leakage took up naturally, and it is 
quite probable that if this principle had been recognized in the beginning a 
great deal of the repairs could have been avoided by simply using sawdust at 
once and then maintaining the pumpage at the maximum for several weeks. 
Without the sawdust the high pressure could never have been secured, as the 
amount of leakage was so great as to cause trouble to the land all along the 
right of way. It is probable, however, that a considerable amount of the 
joint work could not have been avoided in any case. This experience proves 
how important it is to maintain a wooden pipe line at nearly the maximum 
pressure to which it is to be subjected, because wood being an organic sub- 
stance will gradually accommodate its shape to the forces acting upon it. 

An interesting feature in connection with this concerns the coefficient 
of discharge. Before the repairs were made, the coefficient was 95 in 
Chezy’s formula, and afterwards 111. That is about the difference that 
would be caused due to the change in the hydraulic mean radius, resulting 
from a round pipe and one flattened as indicated. 

Many exploiters of concrete, wood and even steel pipe try to create the 
impression that the coefficient of discharge is superior to that of cast iron, 
but it is believed for a given shape the coefficient of discharge depends on 


the degree of roughness and not on the character of material of the interior 
surface. 
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DISCUSSION. 


Mr. Lepoux. I should like to ask if there are any members here who 
know of any distribution systems that have been laid of wooden pipe, and 
whether they have been satisfactory for any length of time. 

Mr. ALLEN Hazen.* I remember the water supply of Du Bois, Pa., 
laid in that way, that had the curious effect of reducing the sulphates. 
There was some mine water in it, and as the water ran from the pipes the 
hydrogen sulphide in it was very disagreeable. 

Mr. Burt B. Hopeman.t I have had some experience with wood pipe 
and also with cleaning pipes. Mr. Ledoux has said that certain pipes de- 
teriorate after cleaning in one year. That is quite true. But we do not 
believe that to be so as a general rule, any more than you should discard 
cast-iron pipe because it breaks, or steel pipe because it pits. But there are 
places where cleaning is stood off for ten or fifteen years. 

In regard to wood pipe, I had considerable experience in Spokane, 
Wash., where I tested out with a pitometer something like 30 miles of dis- 
tribution pipe from 4 in. to 8 in. in diameter. It was not satisfactory under 
those conditions because of the great changes in pressure, varying from 18 
Ib. during the high irrigation hours to 90 lb. under normal conditions. 
Leaks developed almost everywhere, and a little too fast to stop. 

Mr. Artuur W. Duptey.t Wood pipe is in use at Antrim, Troy, 
Campton, Freedom, Pembroke, Penacook, Hudson, and Bristol, N. H. 
The pipe at Antrim and at Penacook are the oldest installations, having 
been in service twenty-five and twenty-four years, respectively, and have 
given perfect satisfaction; that at Penacook is now incorporated with the 
Concord, N. H., water system. The Campton pipe was laid under the 
direction of the writer in 1908, and that at Freedom in 1912; the maxi- 
mum pressure at the former is 104, and at the latter 120 lb. Both are in 
perfectly satisfactory condition, and have never developed leaks or other 
trouble since their installation. Pembroke and Troy were constructed in 
1914, under my supervision. At both of these places the supply lines are 
wooden pipes, and the distribution systems cast-iron pipes, with the ex- 
ception that the line on Pembroke Street, some 43 miles in length, is wood 
pipe. The supply line, from Lake Pleasant in Deerfield, N. H., to Suncook 
village, in the town of Pembroke, slightly over 14 miles, is laid with 16-in., 
14-in., and 12-in. wood-stave pipe. About 33 miles of the lower end of this 


12-in. pipe, before entering Suncook village, is under a head of from 286 to. 


312 ft. This pipe was laid with the greatest care by a representative of the 
pipe factory under the close supervision of the writer, and has never yet 
shown the least indication of leakage or any other trouble. At Troy, N. H., 
they have 23 miles of 12-in. supply pipe. Here we had a rather singular 
experience. My inspector reported several leaks, and asked me to advise 


* Consulting Engineer, New York. 
+ Civil Engineer, New York. 


t Civil and Hydraulic Engineer, Manchester, N. H. (by letter). 
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him what to do; I could net go there at the time, and when I went, several 
days afterwards, we were utterly unable to find them, and they have never 
since been discovered. They were undoubtedly over dry joints that soon 
swelled up and have since remained tight. 

At Hudson and Bristol they have supply lines, laid under the super- 
vision of a Nashua engineer, that, as far as I know, are satisfactory. There 
are also extensions at Lisbon, N. H., and at Northumberland, N. H., 
where short lines of wood pipe have been installed. The only failure that I 
have any knowledge of was at Peterborough, N. H., where 600 ft. put in 

last winter, by a careless and inexperienced party, without any supervision, 
had to be relaid. This pipe was dropped in any which way, the joints not 
more than half driven, and big stones thrown into the trench on to the pipe; 
and as it was under a pressure of 126 lb. it was a foregone failure. 

Mr. Hazen. There is a physical limit to the pressure which can be 
carried in wood pipe. I will tell you my personal basis for that. Some 
years ago we were designing some pipe where there were a good many 
trolley tracks, and we wanted to put in some insulation joints. They were 
in fashion then. We thought that wood pipe was the easiest way to get 
a good insulation, and these were made of as good design and of as good 
material as we could find; but when we came to the test they could not be 
made tight. We had rather high pressures, running up to 150 Ib. We 
could not get hoops that would hold that pressure without crushing the 
wood fiber. The leakage was not very great, but the pipes could never be 
made tight. 

I was telling that to a manufacturer of wood pipe in his factory, one 
day. We were using miles of such pipe during the war. And he said, ‘“ Oh, 
we can band pipe to stand a pressure ” — I have forgotten what he said, — 
200 lb., we will say. I told him my experience. He said, ‘“ Let me show 
you.” They had a testing machine, and a piece of pipe built for high pres- 
sure, and put it in. The pressure was put on. ‘“‘ See, it doesn’t leak,’’ he 
said. It was just a matter of definition. The pipe was sweating all over, 
but there were no jets of water from it. How much it would leak in a mile 
I do not know. But the manufacturer of that pipe said, “‘ It is tight; you 
can see it stands; it does not leak.” 

Mr. J. W. Diven.* The last piece of wood pipe put in in Elmira, was 
put in in 1875. That pipe was banded, and it did standa pressure of 110 lb. 
It was a force main from the pump to the reservoir. The pressure at the 
pump end was 110 lb. The pipe was tarred and rolled in sawdust and tar, 
and rolled in sawdust again to protect the bands. There was no appear- 
ance of sweating on the outside of that pipe at 110 lb. pressure. But that 
was a bored pipe, and the shell was 4 in. thick. 

Mr. Lepovux. In 1908 we laid 7 000 ft. of wood pipe on the Monon- 
gahela Division of the Pennsylvania Railroad. This was part of the large 
system of the railroad supply comprising some 600 miles of pipe from 12 to 
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36 in. in diameter. For this particular section wood pipe was selected on 
account of the necessity of laying it in a cinder fill. The makers of the 
wood pipe assured me that they had a coating which was absolutely proof 
against corrosion due to the acid of cinder banks, and I took a chance. The 
working pressure was specified to be 150 lb. per square inch, and that is the 
pressure that was actually on the line. When the pipe was first laid there 
was very much leakage, which continued about two weeks and then gradu- 
ally decreased until it practically disappeared. The leakage was measured 
by means of a small meter on a by-pass around a valve at the inlet connec- 
tion of the cast-iron pipe. This pipe continued to give good satisfaction 
for nearly two years, after which it began to give serious trouble. It was 
found that the iron bands had been so eaten through by the acid in the 
cinders that it was decided to replace the entire line. If the soil had been 
neutral I have no doubt the pipe would have continued to give good results. 

I do not believe there is any coating made that will withstand those 
conditions, and I,am sure. that cast iron would not have stood for more 
than two or three months, an opinion which was confirmed by other similar 
experience, so that we found it necessary under conditions of that kind to 
encase the cast-iron pipe in concrete. 

This 7 000 ft. of wood pipe, however, was replaced by cement-lined 
pipe manufactured by the American Pipe and Construction Company of 
Philadelphia, and in answer to a recent inquiry I learn that there has been 
no trouble with the pipe since it was laid. Unfortunately, the above 
company stopped making that kind of pipe. 

Mr. W. C. Hawtey.* Since such a large amount of sectional wooden 
pipe was used by the Government during the war, I am wondering if some 
water-works men who were in the service can give us an idea of the leakage 
to be expected from this class of pipe. 

I had an experience some years ago which did not convince me that the 
manufacturers had very much confidence in it. I designed a 12-in. cast- 
iron pipe line as a supply line from a reservoir, and the manufacturer went 
to my client and wanted to sell him the sectional wooden pipe at quite a 
saving in cost. The price was a very important thing to that company; 
but, on the other hand, leakage was even more important, because the 
amount of water which could be collected from that source was limited and 
every gallon was needed. The matter was referred to me, and I finally 
made a proposition to the manufacturer that if he would give a guaranty 
that his pipe line would, for a period of five years, be as tight as we would 
expect a cast-iron line to be, we would put it in. Of course when we began 
to talk he was perfectly confident that the pipe line would not leak and 
willing to “ guarantee ’”’ it, but when it came to putting a bond back of 
that guaranty he would not do it. 

I put a short piece of pipe, a 12-in. section, in a force main, some years 
ago, to increase resistance to the flow of electricity and thereby to prevent 
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damage from electrolysis. The pipe was put into a trench which was in the 
rock, and the bands or wire on that wooden pipe lasted not over three or 
four years. 

Mr. Diven. Steel or iron? 

Mr. Hawtey. I do not know. We replaced it, and the new pipe 
has been in service now some twelve to fourteen years, and we have had no 
further trouble with it. 

As to the maximum pressure on a continuous wooden-stave pipe, my 
recollection is that 90 to 100 lb. is considered the limiting economical 
pressure, for above that the amount of steel required-in the bands becomes 
equal to the amount of steel in a sheet-steel pipe, and there is no economy. 

Mr. Diven. I think about 1860 the white pine, of which the wood 
pipe was made, sold for about $87. The same wood to-day is worth 
something like $400, and hard to find at that. 

Mr. Freperic I. Winstow* (by letter). The experience of the city of 
Boston in the use of a 30-in. cement-lined wrought-iron pipe laid by the city - 
of Charlestown in 1870, before its annexation to Boston, shows that a large 
pipe of this material has a life of at least fifty years, if—emphasis on this 
af — it is undisturbed, and is laid in solid ground. The only trouble comes 
when it is necessary to make connections with it, to insert a gate; or when 
it has been mistaken by an over-enthusiastic laborer for a sewer. 

On the other hand, all of the smaller sizes of cement-lined pipe simi- 
larly made have long since been relegated to the scrap-heap, as the iron 
skin corroded. A suggestion originally made by the late Freeman C. 
Coffin, I believe, contains a valuable contribution to this subject, namely, 
the use of a cast-iron pipe lined with cement. This has never been carried 
into effect, so far as I am aware. 

It would be very difficult, I fancy, to induce New England water-works 
men to introduce wooden pipes to carry heavy pressures, or even as low as 
Mr. Ledoux states they are safe at; although at many of the war plants 
wooden pipe was used for sewer work. 

If the remarks regarding the short life of a cleaned pipe are true, it 
would necessitate the organization of a pipe-cleaning department in larger 
cities. 

Mr. J.J. Witson. The author points out that, for water-works pipes 
24 in. in diameter or larger, a consideration of various materials is advisable. 
Among such materials, lap-welted steel pipe, which has been used for water 
mains for the last thirty years, and which has lately become available in 
much larger sizes, merits consideration. Steel pipe has gained much 
ground the last few years because of evident advantages, among which are 
its general reliability and economy. The reliability of steel pipe has been 
proven through thirty or more years of service, during which time re- 
markably few failures have been recorded. This reliability under severe 
conditions is due to the strength of steel and its ability to withstand strains 
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without breaking. An instance of this nature occurred during the summer 
of 1921, when during a severe flood at Colorado Springs, Colo., washouts 
occurred which left a line of steel pipe suspended for a span of 150 ft., with- 
out interruption to service. The Baltimore high-pressure fire system, of 
steel pipe, has been installed for ten vears without a serious leak or break. 
Many other instances could be cited. The economy of steel pipe lies in the 
fact that it is relatively cheap in first cost and to install, considering the 
service it gives. Many instances are on record of installations lasting for 
periods of twenty-five to thirty years without serious corrosion troubles. 
A 24-in. diameter disk, cut from a 48-in. steel main in Pittsburgh, after 
twenty-five years showed no measurable corrosion. Some failures of early 
installations of steel pipe may be attributed to a lack of knowledge of proper 
methods of protection against corrosion. Steel-pipe coatings have now 
been developed to such an extent that corrosion of the interior is in most 
cases negligible, with the result that the carrying capacity of steel pipe is 
not lessened with age to nearly the same extent as cast iron. Outside 
corrosion can be effectively prevented by proper coating to withstand con- 
ditions. In most pipe lines, soil conditions vary at different, places in the 
line, corrosive influences at some places being more severe than at others. 
Extra protection should be provided for the more dangerous places, and 
with the present knowledge of causes of corrosion and means of prevention, 
such protection as will best meet conditions can be readily applied. 

Perhaps the best proof of the service of steel pipe lies in the fact that 
almost all cities that have once used steel for their large mains, use the same 
material for extensions. The city of Rochester, which has been cited as 
having experienced considerable corrosion in the first steel conduit installed 
there, decided in favor of steel for its third conduit on the basis of general 
reliability and ultimate economy. 

Recently a large plant has been installed by the National Tube Com- 
pany, for manufacture of hammer-welded steel pipe from 24 in.,to 96 in. 
diameter, in lengths up to 40 ft. Lap-welded pipe was previously made by 
the old process in sizes from 2 in. to 30 in. diameter. 
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THE DISAPPEARANCE OF THE COATING FROM CAST- 
IRON PIPE WHILE STORED IN THE YARD. 


BY SAMUEL E. KILLAM.* 


[Read September 14, 1921.] 


Coating for cast-iron pipe to be used as a water supply is a subject 
about which much has been written during the last century. Many ex- 
periments have been made, all in the hope of finding a coating for the pipes 
which would give a perfect protection against the formation of tubercles 
after the mains had been put into service. The results of these experiments 
with coating have been almost negative, and the delivery capacity of the 
mains after they have been put in service gradually decreases until we find 
after fifteen to twenty years the delivery has been reduced 25 per cent. 

On the Metropolitan Works of greater Boston it is necessary to main- 
tain storage yards for large amounts of pipes and special castings for use on 
emergency repairs, as part of the system was acquired from the city of 
Boston and the remainder was laid under specifications adopted by the 
Metropolitan Water Works and the New England Water Works Associa- 
tion. Similar conditions exist on all extensive works. 

During the twenty-five years in which the pipe has been received from 
the foundries there has been very little change in specifications as to the 
requirements of the coating on pipes cast. 

The requirements for coating under present specifications are as 
follows: 


“Every pipe and special casting shall be coated inside and out with 
coal-tar pitch varnish. The varnish shall be made from coal tar. To this 
material sufficient oil shall be added to make a smooth coating, tough and 
tenacious when cold, and not brittle, nor with any tendency to scale off. 

“Each casting shall be heated to a temperature of 300° F. imme- 
diately before it is dipped, and shall possess not less than this temperature 
at the time it is put in the bath. The ovens in which the pipes are. heated 
shall be so arranged that all portions of the pipe shall be heated to an even 
temperature. Each casting shall remain in the bath at least five minutes. 

‘“‘ The varnish shall be heated to a temperature of 300° F. (or less, if the 
engineer shall so order), and shall be maintained at this temperature during 
the time the casting is immersed. 

“Fresh pitch and oil shall be added when necessary to keep the mix- 
ture at the proper consistency, and the vat shall be emptied of its contents 
and refilled with fresh pitch when deemed necessary by the engineer. 
After being coated, the pipes shall be carefully drained of the surplus 
varnish. Any pipe or special casting that is to be re-coated shall first be 
thoroughly scraped and cleaned.” 


* Superintendent, Distribution Section Water Division, Metropolitan District Commission, Boston. 
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There is in storage, in the Metropolitan yards, pipes and special cast- 
ings valued in stock at about $70 000. Many of these castings have been 
stored for about twenty-five years. A considerable number of these still 
have only the original coating, although places have been touched up with 
a brush where the coating was injured in transit or in handling in the yards. 

Good coatings on pipes in storage will remain smooth and tough, 
softening from the heat during the summer months, and show no tendency 
to crack or scale off in cold weather. 

In recent years the coating has been affected by the atmospheric 
conditions in from five to ten years after the pipes are received from the 
foundry. The pipes are stored in the yards on skids, but the coating on the 
interior surfaces is in many cases as much affected as the exterior surfaces. 

It is impossible to protect in open storage the coating on special cast- 
ings such as caps, plugs, eté., as the moisture collects in the depressions and 
within a few months the coating will entirely disappear. 

On many pipes received from the foundries the coating will begin to 
disintegrate in rings 4 to 6 in. wide about 2} ft. from the bell and spigot. 
This rusting and disintegrating of the coating is believed to be caused 
by the fact that the pipes are rolled on skids at the foundry before the 
coating has had sufficient time to harden. 

During the war some pipes were received at the yards from the foun- 
dries, which had been passed by inspectors, where the coating had entirely 
disappeared on an area of several square feet, sometimes on the inside and 
sometimes on the outside surfaces. The coating had vanished in transit, 
leaving the pipes uncoated and rusty. The inspector and foundry officials 
were unable to explain why the coating had disappeared. A complaint was 
forwarded to the foundry and the coating on the remaining shipments of 
pipe was satisfactory. 

In 1866 engineers of the French navy made many experiments with 
pipe coating. At last they perfected a coating nearly like our coal-tar 
product of many years ago. A pipe was coated and submerged in salt 
water for one year, and at the end of that time it was found that the coating 
was in good condition, but, as far as the writer has been able to learn, 
nothing further ever resulted from these experiments. Compare this test, 
if you will, with that actual test of the coatings on the cargo of pipe bound 
for New Bedford some years ago, when the barge sank off shore and in 
about two weeks the coating which remained was so poor that it was neces- 
sary to clean and cold-dip all of the pipe before they could be salvaged. 

Coal tar of to-day is very different from the coal tar of seventy-five 
years ago and the prod-cts from various gas works differ widely as to in- 
gredients. It has been said that during the latter part of the war any black 
semi-fluid that came from the gas works passed as coal tar. 

Dr. Smith’s process, of which you all have heard, calls for dipping cold 
pipe in hot tar for half an hour, or until the pipe gets thoroughly warm. 
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Can you imagine our foundries of to-day, with their enormous output, 
allowing each pipe to remain in the coating for this length of time? 

A foundry owner recently said to the writer that the makers of cast- 
iron pipe were perfectly willing to give the consumers what they wanted if 
the consumers were willing to pay the price. 

The writer believes very strongly that as engineers and water-works 
men we should be in a position to specify what materials are required and 
the method to be followed in coating pipes and special castings. 

Do we know what we want? If not, are we willing to pay the price to 
find out what combination of materials makes the most durable coating 
and are we willing to pay the additional cost for that coating? 


DISCUSSION. 


Mr. ALLEN Hazen.* The Spring Valley Water Company of San 
Francisco has met a similar condition by establishing and operating a dip- 
ping tank in its yard. In this tank all old pipe, and all defective pipe, and 
new castings made locally, and, in short, any pipe there is any reason to 
question, is re-dipped immediately before it is laid. It is not a very ex- 
pensive matter for the company to keep up this tank and operate it oc- 
casionally and it is a satisfactory means of overcoming that difficulty, and 


tends to maintain the high standard of the company’s work. 

I want to add also that I think the time is coming, or perhaps has come, 
when better specifications for coating cast-iron pipe ought to be adopted. 
In riveted pipe made of steel and wrought iron much better coatings have 
been used. They cost more money, but are worth it. I am inclined to 
think that as good coating as is actually put on steel pipe would pay 
dividends on cast-iron pipe. 

Mr. J. M. Diven.t Did they heat the pipe before dipping it, in 
San Francisco? 

Mr. Hazen. Yes; I won’t say the same as at the foundry, but it is 
heated a great deal. 

Mr. Franr A. Barsour.{ Of course this question of coating is a 
very live issue with your Committee on Standard Specifications for Cast- 
Iron Pipe. We had a meeting this morning, and voted, among other 
things, to send a communication to the manufacturers, asking them to state 
whether they would be willing to codperate with us in the development of a 
better coating. That involves experimental work and a considerable ex- 
pense, and it is necessary for us to know how far the manufacturers will go. 
There is no doubt that a great many of the manufacturers at the present 
time are experimenting with different pipe coatings, and that they fully 
realize that the present coating is not satisfactory. 


* Consulting Engineer, New York, N. Y. | 
+ Secretary, American Water Works Association. 
t Consulting Engineer, Boston, Mass. 
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At the meeting of the American Water Works Association I had 
something to say for the committee of that association, and one or two men 
representing towns came to me and said that they believed their water 
boards would be glad to contribute something towards the development of a 
better coating. Whether that would be practicable, or whether this 
Association, or any other association, should accept money in that way for 
such an investigation, I do not know; but there are certainly a great many 
men who feel that it is one of the big issues. 

Mr. Diven. There is no good reason why the Association should not 
accept, or even ask for, contributions for such a purpose, as with the very 
small dues it could not be expected to do research work. The result of 
such work would be of great benefit to many water works, and if attempted 
by them individually would certainly cost each many times the small con- 
tribution needed from each to create a fund to permit the association to do 
the work thoroughly. 

The process of gas making has been radically changed, and it seems 
probable that the production of gas tar has also changed or possibly been 
greatly reduced by the change from coal gas to so-called water gas. 

The speaker has never noticed that the coating of valves deteriorated 
more than that on pipes, though it is his understanding that they are not 
dipped, but painted with some cold preparation or composition, as the 
heating of a finished valve to the required degree for dipping would be 
apt to warp it. 

Mr. Killam spoke of the inventories of pipe and specials on hand, and 
the charge for them when used. Were these made on the cost price or the 
replacement price? 

Mr. Kittam. Original cost: what we call the “ stock value.” Every 
pipe that comes in the yard is listed, the original cost, including cost of 
transportation and handling. This stock value is entered on cards, and 
when the pipe or special is delivered to the works it is charged off to that 
piece of work. : 

Mr. Wituram R. Conarp.* Mr. Hazen spoke of the Spring Valley 
Water Company having facilities for re-coating their pipe. The city of 
Springfield also has facilities for doing that work in their pipe yard. They 
have installed a coating tank and an oven for heating the pipe and for heat- 
ing the coating. Some years ago, when they were able to make a pur- 
chase of a quantity of pipe at a nominal figure, on which the coating was 
inrather a poor condition, they bought the pipe with the understanding 
that they would re-coat it at their own expense. That was one of the 
objects of making the purchase, which was at a low figure. 

Speaking of the cargo of New Bedford pipe which deteriorated so 
rapidly, the cost of the re-coating was at the expense of the insurance com- 
pany. The type of coating which was used was, as Mr. Killam said, a cold 
dip, or paint. It was a structural steel paint which was purchased, and 


* Inspection Engineer, Burlington, N. J. 
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which at the time was rather costly, although the insurance company, 
in order to make an adjustment, and have the cargo accepted, was very 
glad to furnish the materials. That pipe was re-coated by building a 
wooden tank and filling it with the cold dip, and simply lowering the pipe in 
and coating the same as though they had been previously heated. There 
were no facilities at that time to heat the pipe, and because of the character 
of the coating which was put on it was not necessary to re-heat it. Some 
two or three years after that pipe had been-re-coated I looked at some of it 
in the storage yard at New Bedford, and the coating had, as we term it, 
weathered very well, — it was still in good condition. 

Practically all gate valves are painted cold, the material being applied 
with a brusb. The interior of the body and the bonnet, after the machine 
work is done on them, are painted inside, then the valves are assembled, 
tested, and afterwards the exterior and the inside are painted for the second 
time. 

Most of the valve manufacturers use what is termed an “ asphaltum ” 
paint. 

Mr. Kittam. I haven’t any doubt but Mr. Conard can tell us if the 
material for pipe coating that is used at the foundries is purchased from 
gas works. ; 

Mr. Conarp. Nowadays the coal tar is controlled practically by one 
concern, —the Barrett Manufacturing Company. Practically all the coal 
tar used by the pipe foundries is purchased from the Barrett Manufacturing 
Company. Even after the gas company gets through with it, I understand 
the Barrett Manufacturing Company tries to get some by-products out of it. 

Mr. Hazen. I have been recently assured by a competent repre- 
sentative of the Barrett Company that they could still sell tar of the old- 
fashioned quality. I think it is possible to get this tar of the same chemical 
analysis; but chemical analyses may not tell the whole story, and I do not 
feel sure that there may not be differences with analyses that seem to be the 
same. The methods of chemical analyses of coal tar were developed by 
Dr. Dudley, of the Pennsylvania Railroad. Dr. Dudley gave this matter 
a great deal of attention and determined the kind of coal tar which gave the 
best results as a protective material in railroad work. 

Mr. Conarp. Iam very glad to hear Mr. Hazen say something about 
there having been at some time a thorough analysis of coal tar. I have 
tried time and time again to get hold of some such information. 1 don’t 
know whether that information might be available or not for the con- 
sideration of the Pipe Specifications Committee —- I think they would be 
very glad to have it if it could be made available. They should also find 
out whether the various components were ever determined, and what their 
effect might be on iron. 

Mr. Barsour. I might say that the tentative specification which 
has been used by the committee for some four or five years contains a 
specification for coal tar which was largely based, I think, on what Mr. 
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Hazen used on the Springfield line, and I think that specification is probably 
based on what he refers to as Dr. Dudley’s work. 

Mr. Hazen. That is correct. 

Mr. Barsour. So that it is already in our tentative specification. 
If we could get that, I think we could get real tar. 

Mr. Hazen. I Knew Dr. Dudley very well. He was one of the ablest 
scientific thinkers of the country. I do not know whether he ever pub- 
lished anything about his coal-tar work, but at the time of the Springfield 
work I asked Dr. Dudley, as my personal friend, to give me the benefit of 
his experience in writing the specifications; and the specifications thus 
drawn have been used, with some slight modifications, ever since. 

Mr. Diven. Does any one know whether in the manufacture of water 
gas, which is coming to be very general, any gas tar is produced? 

Mr. Hazen. I think that is an entirely different kind of tar. It is 
some time since I have been through a water-gas plant. I think that they 
do produce tar, but that the tar is of a different quality, and probably not 
suitable for coating. 
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REPORT OF COMMITTEE. 


WATER-WORKS ACCOUNTING. 


[September 15, 1921.] 


(Discussion and Adoption of Committee Report presented at 1920 Con- 
vention; published in the JourNAL for March, 1921.) 


PRESIDENT SHERMAN. The subject scheduled for this evening is that 
of water-works accounting, which was reported upon to this Association at 
its convention last year. The report, as your program advises you, was 
published in our last March issue of the JourNaL. It was received at the 
Holyoke Convention and laid on the table pending its publication, as it was 
obviously a type of report which it was impossible to discuss without seeing 
the detailed forms recommended by it. No discussion was possible at 
that time. It is now in print, and it has been in the hands of the members 
for several months. 

The report is now before you for consideration. 

Mr. Samuet H. MacKenziz.* As one member of the Accounting 
Committee, I regret very much that Mr. Hathaway, who was on that com- 
mittee and who, perhaps, is the best-qualified member to discuss it, is 
unable to be present to-night; nevertheless, as we have had ample time to 
consider the matter, it seems wise to bring it before the meeting for dis- 
cussion; and in order that definite action may be taken I will offer the 
following resolution: 


Whereas, at the present time in this country all privately owned and 
operated public water works are universally classed and recognized as 
public utilities, and as such are amenable to uniform accounting and other 
operating requirements prescribed by the public utility commissions of the 
several states; and 

Whereas, municipally owned and operated public water works are 
likewise recognized and classed by the best and most competent authorities 
as public utilities (by some governmental authorities called “ public service 
enterprises ’’) instead of political subdivisions of municipal government; 
and in a growing number of states such municipally owned water utilities 
are also amenable to similar uniform accounting requirements as are the 
privately owned water utilities; and 

Whereas, it is an undisputed fact that, in order that the operation of 
the municipally owned water utilities may compare favorably with the 
operation of the privately owned water utilities, the former will need to 


* Engineer for Water Department, Southington, Conn. 
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adopt more of the efficient and businesslike practices of the latter, — one of 
which is the general use of a uniform accounting classification (such as is 
prescribed by the state public utility commissions), — so that proper and 
informing comparisons of results may be easily made between such water 
utilities; and 

Whereas, a special committee of the New England Water Works 
Association has made an exhaustive study and report upon the present 
need of uniform accounting for municipal water works, and has recently 
submitted in outline a simple but comprehensive accounting classification 
in accordance with the latest essential requirements as prescribed by the 
best and generally accepted authorities: 

Now, therefore, be it resolved, by the members of the New England 
Water Works Association, in annual convention assembled at Bridgeport, 
Conn., September 15, 1921, — recognizing and appreciating the facts set 
forth in the foregoing preamble, and desiring to further strengthen the 
Association in its enviable position as a leader of practical progress in 
water-works operation, — that this Association hereby adopts, as a stand- 
ard, the Classification of Uniform Accounting for Municipal Water Works 
as submitted September 9, 1920, by its special committee and published in 
the Association JouRNAL for March, 1921; and earnestly recommends its 
use by any and all of its members to such extent and as soon as they may 
find it convenient and practicable to do so. 


In presenting this resolution, I do it in conjunction and with the 
sanction of Mr. Hathaway, and it is done in order that this matter may be 
brought before you for discussion. If there is anything in the suggested 
form that does not meet with your approval, or could be improved upon, the 
committee hopes that you will make the fact known. 

The classification as submitted to-day is in the hands of the Connecti- 
cut Publie Utility Commission, and a conference is to be held in regard to it. 
But, as has been stated by our President, we think that we could bring it 
before the state authorities with more authority if it were adopted by the 
New England Water Works Association. 

Accounting may be one of the disagreeable sides of the water-works 
business. It has to have a financial end, and if the plants or water works do 
not have a correct and proper system of accounting they cannot be run as 
they should. It is absolutely necessary, if the lines of defense which have 
been mapped out for us are to be carried out, that we should prepare for 
them; and if the plants are not run on a businesslike basis those lines of de- 
fense cannot be carried out. There is no commodity which is as necessary 
and important to the welfare of the human race as water, and it is our busi- 
ness to supply as good water as it is possible for us to secure. But that 
cannot be done without funds. Rates should be adjusted so as to furnish 
ample funds for the necessary requirements, and sufficient income collected 
year by year so that unnecessarily high rates will not have to be adopted 
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when the time comes to make extensive changes or renewals in our plants. 
As the population about our water supplies increase, many of us will have to 
adopt some of the lines of defense mentioned here to-day, and there is no 
better way to prepare for that time than by establishing 1 proper reserve 
for depreciation and charging adequate rates to care for the same and other 
necessary improvements. 

PRESIDENT SHERMAN. The resolution submitted on behalf of the 
committee which prepared this report is before you for ccnsideration. Is 
the motion for its adoption seconded? — (The motion is seconded.) It is 
moved and seconded that the resolution as presented be adopted. I 
might say, in continuance of what Mr. MacKenzie said in regard to the 
Connecticut Utilities Commission, that it is my understanding that the 
Massachusetts Public Utilities Commission is preparing a standard form of 
accounting for water companies, which is to be promulgated probably 
within the next two or three months, and I think that a form officially 
approved by this Association would doubtless receive careful consideration 
by the Utilities Commission in drafting their standard form. I have had 
personal occasion to give considerable study to the standard forms of ac- 
counting prescribed by the Maine Utilities Commission, and they agree 
very closely with the schedule as here laid out; in fact, the principles are 
identical. The only differences would be in names of accounts, and of 
course would be of no particular moment. Is there any discussion of the 
form of the report, or on the adoption of the resolution? 

Mr. BERTRAM Brewer.* If anyone attempts to compile financial sta- 
tistics about various water works, especially municipal works, from the 
annual reports, one is appalled by the lack of accurate information about 
the most essential facts, to say’ nothing of those covered by this compre- 
hensive form; and while I believe in church spires and other things of that 
nature, it would be a pity to have the ideal so high as to discourage the local 
superintendent or accountant from inaugurating very much needed reforms 
which are really of a very simple nature. Probably it will not. 

For instance, there is already the standard form of financial statistics 
of the Association which I believe the President has had some experience in 
trying to have adopted by the various water-works departments, and we all 
know with what success. If that simple form of financial statistics had 
been prepared and printed from year to year by all the water-works depart- 
ments of Massachusetts it would be a simple matter now, for instance, to 
find out what each community has paid year after year for maintenance 
or for construction expense, and what the gross revenue amounted to,— 
things which every practical water-works man wants to know and every 
taxpayer ought to know. It is impossible to do this, with any degree of ac- 
curacy, in far too many cases to-day. My query is as to whether this new 
form will help the situation. Perhaps it will. I should like some light on 
it. I can see how you can pick these and many more facts from the vari- 


*Assistant Engineer, Massachusetts State Department Public Health. 
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ous items in the schedule proposed, but if you cannot secure adoption of 
the simpler form already recommended, how can the adoption of an elabo- 
rate one be secured? It seems a pity that something more cannot be done to 
secure more uniform municipal accounting and a clear, balanced statement 
each year of the income and outgo, and perhaps I can emphasize this 
need by asking these questions. 

If the President wi!l pardon me for doing so, I should like to call at- 
tention to a balanced financial statement which is made annually by the 
Belmont Water Works. I have in my hand a copy of the last annual report, 
and I can say that it is a pleasure to get the reports of the Belmont Water 
Works. Any one can tell at a glance, from the annual financial statement, 
how much it is costing Belmont to supply water to its inhabitants and 
whether it is a paying or a losing business. Furthermore, the Belmont 
statement furnishes an admirable opportunity to compare this works with 
others. 

Perhaps I am altogether wrong in thinking for a moment that adoption 
of this standard form is not going to help along the happy day when the 
townspeople who own the water works can tell just what are the results of 
their business venture in the procuring and distribution of this essential 
commodity. 

PRESIDENT SHERMAN. I can say that from my point of view the 
adoption of this would help along just what Mr. Brewer is anxious 
to get. These forms recommended by our committee have to do with 
purely financial accounting; the book-keeping end, as you might call it, as 
distinguished from the superintendence or the operating end. It is im- 
possible for the superintendent or the operator of the work to divide up his 
operating expenses or to find out how much per foot it costs him to lay pipe 
of a certain size until the book-keeper has put down the expenses and put 
them in the proper accounts. The main object of these forms is to get 
accounts which will lend themselves to subdivision into the several classes 
desired. 

My own feeling in regard to this report is that it has been very care- 
fully thought out by men who, it seems to me, are the very best water-works 
accountants we have among our members, and that we are probably in a 
position to make the best progress by adopting their recommendations. It 
is offered by the committee as the best thing they can present, and we hope 
the members of the Association will use it, but it leaves us perfectly free to 
amend it whenever it seems desirable to do so; for instance, if the utility 
commissions should make rulings which were at variance with reeommen- 
dations here to such an extent as to require a change in the forms, it might 
be desirable, and in any such case our committee probably would come 
back and recommend that our forms be modified to correspond. 

Mr. Brewer. That is just the information that I really wanted on 
the matter. Then, as I understand it, in most of the cities and towns, as 
things are organized, this sort of form would be taken care of by the auditor. 
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PRESIDENT SHERMAN. Precisely. 
Mr. Brewer. It is a form for him more than it is for the practical 
operator? ; 

PRESIDENT SHERMAN. Oh, yes, the book-keeper or the auditor, or 
the town treasurer, or whoever it is that does the accounting work. 

Mr. Brewer. It would not discourage the operator from getting out 
the very best he could in a simple manner along the lines that I have 
indicated? 

PRESIDENT SHERMAN. It is my belief that he would get the figures he 
wanted from the auditor, and with more satisfaction. Of course, as far as 
prescribing this thing is concerned, in most of our states at the present time 
it relates only to private companies. The Utility Commission in Massa- 
chusetts will have the right to prescribe only what shall be done by the 
private companies, if I am correctly informed, and its adoption by municipal 
plants would be entirely optional. In Maine the Commission has control 
over publicly owned utilities as well as privately owned, and the cities must 
report on these forms just as much as private companies. Is there any 
further discussion? 

Mr. MacKenzie. The schedule of accounts submitted was drawn 
so as to be adaptable for use by large as well as small plants. Take, for in- 
stance, page 64. The accounts shown on that page might be the only ones 
that small plants would use. They would not have to subdivide their 
accounts as they are subdivided on the later pages of the report for large 
plants. 

If you will go over the reports of various municipal departments, and 
even some private companies, you will find that they have simply kept a 
«cash account, which is about the end of their accounting, and from that cash 
account you couldn’t tell how much it is costing them to deliver water. 
They have taken no account of depreciation or the other various items that 
enter into the cost of their water supply. I hope that the report as a 
whole will not confuse any one and make them think that it is too compli- 
cated to be adaptable to smaller plants; for it is intended to be flexible 
enough for any water works to use. 

I have here a schedule, such as we are using in a certain private plant; 
on the front side of the sheet appear the assets and liabilities, also the profit 
and loss for previous years and for the current year, and on the back side of 
the sheet appears the statement of receipts and expenses for the period 
which the report is made out for, and the net gain for that period, which 
should equal the net gain shown on the other side; such a system really 
gives a double set of double-entry book-keeping and usually checks any 
errors. And right from that report it is very easy, knowing the quantity 
of water you are furnishing, to determine what it is costing you for the vari- 
ous items. I would be glad to have the members look this schedule over 
and suggest any improvements which they may think could be made in it. 
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Mr. W. C. Hawtey.* I had quite a little experience in connection 
with the preparation of the uniform system of accounting which has been 
adopted by the Public Service Commission of Pennsylvania. Such systems 
do seem very elaborate and confusing, but they can be simplified by the 
smaller companies and they can be elaborated as may be desirable for the 
larger companies. These are matters of detail to be worked out by the 
individual, although our commission has made four separate classifications 
for water companies based upon the total annual revenue. There is a very 
simple classification for companies with a total annual operating revenue of 
$5,000 or less; one which is more elaborate for companies whose total 
annual operating revenue is more than $5,000 but not more than $50,000. 
The next classification is based upon a revenue of more than $50,000 but not 
more than $250,000, and the next applies to those companies whose revenue 
exceeds $250,000. Some of the other state commissions have done the 
same thing. 

But the important thing, and the thing which has been overlooked in 
the past by most water companies at any rate, has been to keep their ac- 
counts in such shape that when it came to a rate case, or a valuation of their 
plant, they could turn to their books and show what their plant was worth. 
Those engineers who have had occasion to go through the books of com- 
panies to try to dig out the information and find what the plants actually 
cost, realize what the difficulties are. Quantities and units price are not 
there. Time books and pay-rolls cannot be analyzed. Items that should 
have been charged to maintenance have been charged to construction, and 
vice versa, ete. 

There is one thing about this classification to which I would call par- 
ticular attention. I have not studied it carefully, — in fact I have only 
looked it over hastily, — but I have found no place for carrying as an asset 
the depreciation reserve fund, or replacement fund. Now, let us make a dis- 
tinction between the fund and the “ reserve.”’ I do not know why the 
accountant uses that word “ reserve.’ We generally, in ordinary language, 
put a different meaning on it from what the accountant does. In Pennsyl- 
rania they are carrying the reserve as a “red” asset. That is, they have 
taken it from the liability side and put it on the asset side as a ‘“‘ red ” asset, 
immediately under plant value, so that by making the subtraction we get at 
once the depreciated value of the plant. Now, if you are going to main- 
tain the investment — and that is the vital thing for a water company 
and those who invest in its securities who have to go before a commmis- 
sion and justify its rates — you must carry a fund to offset the accrued 
depreciation. It will be said, ‘“‘ Why, you are taking that money and you 
are investing it in plant ’” — although you can’t have it invested twice. 
You have invested it once in the original plant, and you are setting it aside 
year by year to offset the accumulating reduction in value of your plant 
and to have it ready to make replacements with as units of the plant become 


*Chief Engineer, Pennsylvania Water Company. 
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no longer useful. If you put it into plant and carry it there, then you are 
simply reducing your investment that much and there is no available fund 
for replacements. 

This has been recognized by the Wisconsin Commission, by the Com- 
mission of Indiana, and some of the other commissions. The Commission 
of Oklahoma has recently prepared, but not yet issued, an order by which 
all utilities would be compelled to carry a depreciation replacement fund, 
to take the money which is set aside year by year from depreciation and 
create an actual fund, that fund to be invested and to be available to 
make replacements as they may become necessary. 

If we invest this money in plant, two things will happen. First, we 
will have the public service commissions rule, just as they have in cases 
all over this country, that your plant cost so much, or its value new is 
so much, and they subtract accrued depreciation and so arrive at the pres- 
ent value of the physical plant. If the company does not have in hand 
a fund representing that accrued depreciation, just that much of its in- 
vestment is wiped out. It has no fund to offset it; that much is gone. So 
that if we are going to protect our investment it is of vital importance 
that the fund should be created and should be carried. 

In the second place, there will occur what happened to one of our 
companies within a year or two. We had a very expensive pumping engine 
which had outlasted its usefulness and had to be replaced. Fortunately, we 
carry a replacement fund and had the money available with which to re- 
place it. If we had been putting that money into our plant we would not 
have had money enough for two or three years, from what we set aside 
annually for depreciation, to replace that pumping engine. 

I believe that this is a matter which merits serious consideration, from 
private water companies particularly. Municipal water departments may 
arrive at satisfactory results by creating sinking funds with which to reduce 
bonded indebtedness, and when replacements are necessary can issue new 
bonds. Water companies could do the same thing in the past, but not now. 
They are under commission regulation to-day, with rules prescribed for 
this and orders laid down for that, and rates of return limited to such an 
extent that the companies find it exceedingly difficult to secure new capital 
for extensions and betterments. The companies should, therefore, do what 
they can to remove the difficulties of securing new capital, and there is no 
more practical way than to protect as far as possible the capital already 
invested. 

In this connection I call attention to the decision of the Wisconsin 
Railroad Commission in the case of Milwaukee Electric Railway and 
Light Company et al. v. City of Milwaukee (P. U. R. 1918, E. p. 1) and 
that of the Indiana Public Service Commission, re United Public Service 
Company of Rochester, Ind. (P. U. R. 1918, F. p. 316). 

PRESIDENT SHERMAN. I might say, Mr. Hawley, that in the suggested 
system of accounts, although the account does not appear by name, it 
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would lend itself perfectly well to carrying that under Account 26, 
“‘ Miscellaneous Current Assets,’’ which, of course, in such a system as you 
describe, would carry a name opposite that particular account showing 
what it was,— that is, depreciation fund, or depreciation investment. 

Mr. Hawtey. That is what happened in Pennsylvania. We could 
not convince the accountant at the time that this was necessary. Later we 
were directed to carry the account as a sub-account under Account 113, 
“‘ Insurance and Other Reserve Fund Assets.”” This is a separate, distinct 
fund, like the compensation insurance fund, fire insurance fund, and this 
particular fund we designate “ Depreciation of Structures and Equipment 
Replacement Fund.” 

PRESIDENT SHERMAN. The Maine Utilities Commission has a special 
number for that account. As I remember the name for it, it is “‘ Depre- 
ciation Reserve Invested,” or something of that nature. But it would fit 
into this particular system of accounts under that general number, with the 
appropriate name under a subdivided head. 

Mr. MacKenzie. I think Account No. 24 would take care of that, 
— “Cash (Special Funds).” That account can be subdivided into the 
reserve funds for engines, pumping station, pipe lines, or whatever account 
special circumstances might require. 

PRESIDENT SHERMAN. Of course the ‘‘ Depreciation Invested Fund ” 
would be indicated as such in the particular account to show what it was. 

Mr. GeorceE A. Kina.* I would like to ask Mr. MacKenzie if he can 
tell us how nearly these accounts agree with the accounts which were re- 
ported by the committee of the American Association about ten years ago, 
made under the direction of the Census Bureau? 

Mr. 8. H. MacKenziz. I can’t tell you from memory the difference, 
now. 

PRESIDENT SHERMAN. Is it safe to say the general principles are 
identical? 

Mr. MacKenzirz. Yes. 

Mr. Epwarp D. Evtprepe@e.{ I should like to ask for information on 
one subject. If some of the surplus is not used for extensions, and charged 
off as a depreciation, possibly, from what source is the money to come for 
extensions or new work in the line of extensions? Would that call for a 
new issue of stock or money borrowed? 

PRESIDENT SHERMAN. It would have to come from some source, 
obviously, — either from issue of new securities or, in case of municipal 
plants, by appropriations from taxes, or from donations, if such were 
available — I have heard of such things. 

Mr. Hawtey. The Indiana Commission permits the company to 
borrow temporarily from this fund for extensions. I think there is a limit 
as to the time that money may be had. 


* Superintendent, Water Works, Taunton, Mass. 
+ Superintendent, Onset, Mass., Water Company. 
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Mr. 8. H. MacKenzie. I think if that could be done, perhaps the 
plan mentioned by Mr. Hawley would be effectual. Our commissioners 
have objected to setting aside in cash the total reserve for depreciation, be- 
cause during a period like we have been going through the last four or five 
years, if we could not have used our reserve fund for new work, but had had 
to go out and borrow money at an excessive rate, it would have made quite 
an inroad on our income. We would have received but about four per cent 
on our reserve and might have had to pay seven or eight per cent. Their 
contention is that, if the money is invested in the plant and the plant made 
to earn a sufficient gain to take care of the reserve for depreciation, they 
were carrying out the right principle. There should be no trouble in re- 
newing our bonds if our plant has earned all expenses, including deprecia- 
tion; whether the depreciation is in cash or actual new construction, it will 
cost more to finance new construction a few hundred dollars at a time, than 
to renew an issue of bonds of a large amount with an efficient plant back 
of them. 

PRESIDENT SHERMAN. Is there further discussion? Are you ready 
for the motion? (The question was put and carried.) 

PRESIDENT SHERMAN. Is there anything further to come before this 
session of the convention? 

Mr. 8S. H. MacKenzie. I think, as this report has been adopted, 
that it might be wise for this convention to continue the committee, di- 
recting it to place this matter before the public utilities commissions of 
the New England States for their approval or suggestions, so that we may 
secure a uniform system for all of these states if possible. 

Mr. 8. H. MacKenziz. I therefore offer the following motion, viz., 
that the Committee on Uniform Accounting be hereby continued, and is 
requested to send a copy of its report of September 9, 1920, — containing 
the ‘ Classification of Uniform Accounting for Municipal Water Works ”’ 
this day adopted by resolution of the New England Water Works Associa- 
tion as a standard,—together with a copy of such resolution,—to each of 
the public service or utilities commissions of the several New England 
States, and to ask the codperation of such commissions in the recommended 
use of the general scheme of such accounting classification. (The motion 
was seconded, put, and carried.) 

Mr. A. R. Haruaway * (by letter). As a member of the accounting 
committee I have been much interested in reading the proof of the dis- 
cussion pertaining to adoption of report and accounting classification sub- 
mitted in 1920 by the Committee on Uniform Accounting for Municipal 
Water Works, and have been somewhat surprised and pleased at the absence 
of vital criticism of the scheme. What little criticism was attempted 
appears to have been due to a lack of understanding of the report and 
failure to carefully study the classification offered. Being unable to be 


* Water Registrar, Springfield, Mass. 
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present at the discussion, I am submitting the following as of some possible 
assistance to a better understanding of the matter. 

It should be borne in mind at the outset that the report and classifi- 
cation are not to be considered as a complete text-book of detail (similar to 
the printed pamphlets of accounting systems prescribed and issued by the 
various public utility commissions of the country for use by the private 
utilities), but rather as a composite outline of the principal and fundamental 
accounting results needed to be obtained, as indicated in some of the best of 
these prescribed systems, and as gathered by a study of the same. 

With this in mind, the entire accounting scheme can be more easily and 
simply followed and understood by first considering only the three principal 
statement results to be accomplished, as shown in condensed forms on pages 
64, 70, 74 of the report as printed in the JourNAL for March, 1921; the 
supporting items suggested for same can then be found indicated in the detail 
pages following each condensed statement form; these supporting items can 
be used or varied to any extent wanted without affecting the integrity of 
the scheme, or the results to be obtained (as shown on the three pages above 
referred to); thus allowing any degree of flexibility in the use of the classi- 
fication. 

It should be impressed upon the officials of the smaller municipal 
water works, and also upon those who may not be so familiar with account- 
ing, that the seeming mass of subdivisions and subaccounts, partially in- 
dicated as supporting the three essentials above referred to, are not the 
essentials themselves, and should not be allowed to confuse their minds at 
the outset of their consideration of the scheme. In fact, if all the munici- 
pal water-works operators could have their accounting officials keep only 
the group accounts shown on page 64 (Income and Profit Loss Condensed 
Statement Form), they would then obtain the uniform results essential for 
operating comparisons with each other, and, knowing the total quantity 
of water supplied, be able to easily show the cost per million gallons fur- 
nished, and the proportional percentage of such cost for each of the several 
group accounts or logical processes of operation. 

Likewise the essential results in Assets and Liabilities could be shown 
in uniform manner by using only the group accounts suggested on page 70 
for Condensed Balance Sheet Accounts. The Condensed Form for Cash 
Summary, on page 74, needs no further comment or explanation. 

By approaching the matter in this simple but comprehensive way, I 
cannot see how any one should get the impression of the scheme being 
elaborate, for it was the purpose of the committee to avoid giving such an 
impression, as is usually obtained by a first reading of the text-book 
classifications prescribed by the various public utility commissions of the 
different states for the private utilities, without a further study of such 
classifications. 

One thing that should be kept in mind (which in the discussion was 
apparently lost sight of at times) is that the submitted classification is 
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intended primarily for municipal water works, as those privately-owned are 
already operated under uniform accounting requirements of the different 
state commissions, as elsewhere referred to. 

Regarding the matter of depreciation and treatment of same in con- 
nection with public utility accounts, there are an increasing number of 
opinions being handed down by public utility commissions and other 
authorities, and, while many differing views are expressed as to details, 
there appears to be practical agreement as to the principal accounting re- 
quirements. As I understand the matter such requirements applicable to 
municipal utilities seem to be about as follows: the plant or property assets 
are carried on the books at the full amount of outlays made, or on a cost 
basis entirely; proper depreciation charges (on tangible depreciable portions 
of such assets) are to be included in the operating expenses of each year, 
being debited to same at regular stated intervals, and thus distributing this 
burden of certain costs evenly throughout the estimated life of such assets. 
As such charges to operating expenses each year in effect actually reduce 
the otherwise gain or surplus account of that year by the same amount, 
such reduction, reservation, or appropriation, from the book surplus account 
(which is a liability account), should be carried asa separate reserve or ap- 
propriation account (liability, of course), against which al! future replace- 
ments of such property assets (on original cost basis) should be charged as 
they occur; by this procedure the original cost of all replaced property 
units is by that much restored or kept in the property assets without dis- 
turbance of such assets; the balance left in the liability reserve account 
will at any time represent the amount of estimated depreciation provided 
for and not yet replaced or made good in the property assets; and the 
difference between this balance and the total plant or property assets will 
then represent the net total of such cost assets which is assumed to have 
been kept up to date. This difference is not usually shown in the balance 
sheet, but when wanted can be easily drawn off in statement form. 

As to the names or titles of the foregoing accounts, that is largely a 
matter of choice; the leading authorities appear to prefer ‘‘ Plant, Property 
and Equipment” (for municipal utilities), or ‘‘ Capital Installed ”’ or 
“ Fixed Capital Assets’ (for private utilities), as the asset account for 
plant cost or investment; for the charges (debits) to operating expenses to 
take care of replacements, ete., “‘ Depreciation,” ‘‘ Depreciation and 
Contingencies,” ‘ Depreciation Reserve Charge,” ete.; for the appro- 
priation or reserve account (liability) to show how much must be provided 
for future replacements, ete., ‘‘ Depreciation Reserve,” ‘‘ Reserve for 
Depreciation,” Accrued Depreciation or Amortization,” Reserves,”’ 
ete. 

I am glad that in the discussion there was presented the matter of 
public utilities setting aside from revenues an actual cash fund to provide 
for payment of replacements, ete., due to depreciation. While this has not 
been a general requirement of public utilities (either private or municipal) 


383 
: 
“2 
4 
$ 
| 


384 WATER-WORKS ACCOUNTING. 


by all accounting authorities, it has lately been prescribed by a few of the 
utility commissions for private utilities, and is becoming more of an im- 
portant element in rate cases, with an increasing trend in favor of adoption 
of such a requirement. As was stated in the discussion, if a sufficient 
gain resulted from operation it has been a question whether the asset value 
of such gain as should be reserved for depreciation replacements should be 
expressed in cash or in property. In either case the asset value is there, 
provided (as stated) that the utility is a self-supporting enterprise and is 
operated to produce the profit needed. Otherwise, either the revenues 
should be increased or the expenses diminished; and one great advantage 
in requiring an actual cash fund for this purpose is the absolute assurance 
that the utility is regularly reserving such security against the days 
certain to come. 

On the other hand, the absence of such a cash fund need not neces- 
sarily mean that a municipal utility is not providing through its other 
assets such reasonable security as is practicable under its operating con- 
ditions. This is the way the matter appears to me at present, but I am in 
favor of having such a fund established if possible, and have so recom- 
mended to our Springfield Water Commissioners in my last annual report. 

As stated in the discussion, ample provision is made in the accounting 
committee’s classification for showing such a fund if wanted, under “XXIV. 
—Cash (Special Funds) ,’’—or subdivision of same,—as found on page 70 
of the report. Where such a fund is prescribed by some of state utility 
commissions, its temporary use for extensions and certain other purposes 
is to be allowed, provided such use is treated as a loan and repayment is 
made to the fund within a stated time limit. Interesting and valuable 
opinions upon this entire subject are being handed down by various public 
utility commissions throughout the country. As the space herein forbids 
quoting such opinions, a reading of the same is recommended to those 
having access to the ‘“ Public Utilities Reports, Annotated,’’ especially 
the opinions found in the following references, viz.:— Arizona—P. U. R., 
1920D (p. 613); California — P. U. R., 1920B (pp. 118, 119, 120, pp. 810, 
811, 812); Idaho —P. U. R., 1915F (p. 445); Indiana — P. U. R., 1918F 
(pp. 329, 330, 331); P. U. R., 1920D (pp. 123-124), and P. U. R., 1920C 
(p. 280); Missouri —P. U. R., 1915C (p. 1017); Nebraska — P. U. R., 
1920C (p. 505); Nevada—P. U. R., 1920F (p. 769); New York—P. U. R., 
1920D (p. 274); Oregon — P. U. R., 1915D (pp. 855-909) ; Washington — 
P. U. R., 1920F (p. 956); Wisconsin — P. U. R., 1920A (pp. 362-394), and 
P. U. R., 1920D (pp. 434-435). 
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THE SIGNIFICANCE OF “ HYDROGEN-ION CONCENTRATION ” 
IN WATER PURIFICATION. 


BY HARRISON P. EDDY.* 


[Read September 15, 1921.| 


The term hydrogen-ion concentration, for short written also ‘‘ H-ions ” 
and ‘‘ PH,” may with sufficient accuracy for popular purposes be para- 
phrased concentration of acidity or alkelinxity, as the case may be. Pure 
water is neutral, — that is, neither acid nor alkaline; and its hydrogen-ion 
concentration is taken at 7. Acidity is designated by numbers below, 
and alkalinity by those above 7. 

The acidity or alkalinity of a liquid has thus far generally been re- 
ported in terms of total quantity of acid or alkali present. It has commonly 
been determined in water by adding acid or alkali, of known strength, in 
sufficient quantity to neutralize the original acidity or alkalinity, the neutral 
point being indicated by a change in color due to a small quantity of or- 
ganic dye previously added. But the action of the acid is not due solely 
to its total quantity but rather to its effective quantity or intensity. The 
essential difference between this old determination and the new hydrogen- 
ion method is that the latter shows the intensity, or true acidity, rather than 
the total quantity of acid. 

The function of alum used in the process of water purification is to 
produce a coagulum, or floc, of relatively large size, capable of absorbing 
or enclosing the finely divided foreign substances which cannot be removed 
by practicable periods of sedimentation or by filtration at high rates. 
When absorbed by the alum floc, however, they may be removed readily 
by sedimentation or by filtration, or by both processes jointly. It is 
obviously important that the alum introduced into the water be converted 
into floc as completely as possible. 

It has generally been supposed that the precipitation of the sulphate 
of alumina is dependent primarily upon the presence in the water of suffi- 
cient alkali, and that any excess of alkali likely to be present in waters 
generally used as sources of water supply is not disadvantageous. How- 
ever, certain experiments indicate that there is an optimum point at which 
apparently all of the aluminum is thrown out of solution, but that above 
that point on the side of alkalinity or below it on the side of acidity pre- 
cipitation is not complete. This offers a plausible explanation of the 
presence in the water being treated of aluminum both in insoluble and 
soluble form at the same time and of the frequent occurrence of dissolved 
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aluminum in filtered waters. It certainly indicates that it may be highly 
important, if practicable, to carry out the coagulation process at the 
optimum point of alkalinity, — the isoelectric point. Without this de- 
termination, or its equivalent, it is impossible to know whether the water 
has the proper PH. It may be too low or too high for complete precipita- 
tion and it will probably only occasionally be just at the optimum point. 

The presence of aluminum in two forms is explained by some according 
to the theory that the alum assumes a colloidal condition, by which is 
meant a condition intermediate between solution on the one hand and 
suspension on the other. Thus we may speak of salt dissolved in water, 
as a solution, and sand or fine silt suspended in water, asa suspension. The 
soap in soapy water may be taken as a popular illustration of the inter- 
mediate condition — that is, the soap is a colloid. Some substances, like 
the alum used in purifying water, may be in, or be changed into, any one 
of these three conditions. The change is one of condition rather than of 
composition. 

Another theory is that the alum may exist as different chemical com- 
pounds, some of which are soluble and others insoluble. 

Whichever of these theories may be accepted, the important point 
is that the alum can be converted completely into insoluble aluminum 
hydrate only within a narrow range of hydrogen-ion concentration, which 
is not indicated by the methods commonly used for determining alkalinity, 
and that either above or below this zone the aluminum, or a portion of it, 
may be present in solution. 

It follows, therefore, that it is as important to reduce an alkalinity 
which is too high as to increase an alkalinity which is too low. This 
introduces a step in the process of the treatment of water which is not 
common and which may prove of material value. 

It is hardly necessary to point out the fact that the hydrogen-ion 
concentration appertains to the condition of the water for satisfactory 
coagulation and is not a method for determining the quantity of coagulant 
required. This must be done as an entirely independent step in the process. 

For ascertaining the isoelectric point the determination of the hy- 
drogen-ions affords a convenient and practical means. This may be ac- 
complished in a manner similar to that long used for the determination of 
the total quantity of acid or alkali present. Thus, by the use of several 
indicators constituting virtually a scale of indicators and by the addition 
of the proper quantity of alkali, or other compound, it is possible to bring 
the water to the exact hydrogen-ion concentration required for complete 
precipitation of the aluminum from the alum added to the water. Theo- 
retically, this may be so minutely controlled in practice as to prevent the 
occurrence of dissolved aluminum in the presence of the insoluble aluminum 
floc. 

As the difference in electrical pressure or potential between any metal 
and its ions varies with the concentration of those ions, it is possible to 
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determine this’ concentration by means of suitable electrical apparatus, 
one form of which is known as the “ potentiometer.’’ By the use of the 
hydrogen electrode,* therefore, it is possible to determine the concentra- 
tion of the hydrogen-ions. 

In order to take advantage of the hydrogen-ion concentration in the 
operation of a water purification plant, it will be necessary to control the 
chemical treatment according to several steps, such as — 


1. Determine the quantity of alum required for successful treatment 
under conditions prevalent at the time. 

2. Determine the PH of the water to be treated. 

3. Determine the quantities and kinds of chemicals to be introduced, 
in order to bring the water to the isoelectric point for coagulation of the 
aluminum. 


The procedure, then, would consist of adding the proper kinds and 
quantities of chemicals to produce the isoelectric point and the required 
quantity of alum for the successful treatment of the water. 

The quality of most raw waters varies from time to time, — often 
materially within very short periods of time. This variation may be in 
bacterial content, organic matter, numbers of micro-organisms, turbidity, 
temperature, or in all of these. It is obvious, therefore, that the quantity 
of alum must be varied to meet the conditions at the time. It is highly 
probable, also, that the PH varies greatly and that the kinds and quantities 
of chemicals used to produce the isoelectric point must be varied accord- 
ingly. Even if the PH of the raw water remained constant, the necessary 
changes in the quantity of alum introduced would make it necessary to 
vary the chemicals required for producing the isoelectric point, as this 
condition must be fixed with reference to the quantity of alum used; or, 
in other words, if coagulation is to be complete the water must be at the 
isoelectric point after the sulphate of alumina has been added. 

It has been suggested that the PH of the water may be determined and 
the application of the conditioning chemicals regulated automatically by 
electrical apparatus. Such equipment would greatly simplify the control 
of the process. 

Among the advantages which may possibly result from PH control 
of water purification plants may be mentioned the following: 


1. Prevention of passage of alum through filters and after-precipi- 
tation in mains. . 

The passage of alum either in solution or as a colloid through water 
filters has long been recognized as one of the defects of the alum treatment. 
Such water is not satisfactory for domestic consumption and is objection- 
able for certain industrial uses, such as dyeing. It may be possible by 
chemical treatment to so adjust the PH as to secure complete precipitation 
of the alum and prevent its passage through the filters. 


* Because metallic hydrogen cannot be obtained, an electrode is used which is covered with spongy 
platinum saturated with hydrogen. 
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2. Prevention of corrosive action. 

It is possible that the treatment of the water to secure the isoelectric 
point will reduce the danger of corrosive action by the filtered water, due 
either to the presence of dissolved aluminum sulphate or to excessive 
carbon dioxide. The treatment required to produce the isoelectric point 
in some cases (where acid is required) might not reduce — in fact, it might 
actually increase — the amount of free carbonic acid present in the water. 
It does not follow, therefore, that in all cases advantage can be taken of 
reduction of both of these corrosive substances, although it may be possible 
to so adjust this treatment as to accomplish this. It is conceivable and has 
been suggested, however, that in practice water treated in this manner 
might become more highly corrosive than that treated in the ordinary way. 

3. Control of small plant and animal life. 

It has long been known that the growth of microscopi¢ organisms and 
bacteria is favored by the concentration of acidity, within certain limits, 
outside of which there is an inhibiting effect. It has been suggested that by 
securing the optimum PH for precipitation of alum, the environment of 
such organisms may be so changed as to prove detrimental to them and in- 
hibit their growth. There is scarcely any definite information on this point 
and it is included herein merely as a suggestion of possible means of con- 
trolling growths in filter plants, which in some cases have been quite 
troublesome. 

4. Possible reduction in size of filter plant. 

It is a matter of common knowledge among chemists that precipi- 
tates formed under certain conditions settle and filter much more readily 
than those’ formed under other conditions. There seems to be ground for 
the belief that alum precipitated at the optimum PH point may form a 
floe which will settle more readily and permit of more rapid filtration 
than similar floe formed at a less favorable PH. Should it prove that 
coagulation at the isoelectric point will produce a floc which will coagulate 
and settle more readily and permit of a higher rate of filtration, a corre- 
sponding reduction in size of coagulation basins and filters might prove a 
substantial advantage. While it is conceivable that the change in the 
character of floc, due to PH control, might warrant a change in the depth 
of filtering material or in some other detail of construction, this does not 
appear at all probable. 

5. Possible increase in efficiency of operation. 

If coagulation at the isoelectric point will result in the formation of a 
better floc and in avoiding the passage of dissolved aluminum through the 
filters, it may be that the bacterial efficiency of filtration will be improved 
to some extent. It seems reasonable to expect such a result from obser- 
vation of the process of coagulation. 


While these and perhaps a number of other advantages of the PH 
control may be possible from a theoretical point of view or may be obtained 
in the laboratory, it is important to prove to what extent, if any, they 
can be secured in the practical operation of water purification plants. 

There is little doubt that the determination of the hydrogen-ion 
concentration will permit of a more intelligent study of the water and 
the reactions taking place during its treatment. This fact alone is suffi- 
cient to warrant making a thorough investigation of the subject and 
determining the PH value in many cases. 


DISCUSSION. 


It is possible that the methods of control now in use, based in part 
upon the older conceptions of the chemistry involved and in part upon 
practical operating experience, permit of as close operation of purification 


plants as it is possible to obtain, even with the assistance of the more deli- 
cate and refined hydrogen-ion determinations made in accordance with the 
latest theories of chemistry. 

It often happens that empirical methods lead to practical results 
which are as satisfactory and effective as those based upon more accurate 
knowledge. This fact, however, does not justify disregard of progress 
in science and of new theories. It cannot be gainsaid that the older practi- 
tioners in any profession, or in the arts, are inclined to adhere to the older 
methods and processes as a result of their familiarity and experience with 
them and a natural reluctance to adopt new ideas. The older members 
of the profession should constantly guard against this tendency, in order 
that valuable improvements may not be ignored, simply because they 
involve new discoveries and new theories. 

While it is wise to give proper weight to the reasonable doubt of success 
in order not to be misled by theoretical considerations, it is certain that 
the subjects of coagulation and filtration should be very thoroughly studied 
in the light of the more modern chemical theories. Such investigations 
will lead to a better understanding of the chemistry of coagulation than 
that which has governed this important subject in the past. With im- 
proved conception of the process, advantages of more or less importance 
are likely to follow. The true value of the hydrogen-ion determination 
can only be learned through investigations covering a great variety of 
conditions encountered at a large number of plants. 

Such investigations may well lead to a re-study of the whole subject 
of chemical treatment of water, and improvements may result in lines 
entirely apart from the hydrogen-ion determination, which furnished the 
initial incentive for such further study. 
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Mr. Harry W. Ciark.* I believe that we all can study this matter, 
and I think quite a few of us will know more about it in a year or two than 
we do now. It is a very delicate method, and a rather scientific and in- 
volved method, covering water filtration, but I have no doubt something 
will be worked out along practical lines, started by this method. We 
certainly ought to know more about the methods by which we get the best 


purification. We all of us have many difficulties. We have found alum 
coming through, alum in solution, and so forth. If this is going to lead 
us out of our difficulties it certainly is a great advance. Mr. Eddy has 
covered about everything that we know at the present time. 


* Chemist, Massachusetts State Department Public Health. 


389 
{ 
if 
| | 
4 
3 
i 
} 
| 
2 
| 
| | 


390 ‘“ HYDROGEN-ION CONCENTRATION ” IN WATER PURIFICATION. 


Mr. Frank W. Green.* The heaviest floc is not always the most 
desirable, because at times a very heavy floc is apt to break up on its way 
to the filters on account of being less cohesive than a lighter floc. This 
breaking up of the floc may allow the passage of some of the aluminum 
hydroxide through the filter beds. We are making a number of studies 
covering the PH value and the more important mineral constituents, to 
determine their relation to the character of the floc. 

One of the controlling factors of coagulation is the carbonic acid. 
The simplest way of getting rid of carbonic acid is aération. Formerly we 
tried to get rid of all the carbonic acid, but it appears probable that at 
times we will get better results by removing only a portion of it. — 

The impression that I got from Mr. Eddy’s paper was that the iso- 
electric point was identical with PH-7, or the neutrality point. This is 
far from being the case. The isoelectric point in certain acids may be as 
low as PH-3, which is a thousand times PH-7. I have in mind a water 
having an alkalinity of 45. The PH value of this water is less than the 
isoelectric point, and lime must be added to get it to the proper point 
for coagulation. 

I have here some notes on hydrogen-ion concentration which present 
a different view of the same subject: 

The actual determination of the PH value of a given water is one of 
the most simple tests that the water analyst has to perform, provided 
he takes advantage of the permanent standards and indicator solutions 
now on the market. The test consists in adding a few drops of the indi- 
cator to the water sample, and comparing its color to that of the standards. 
What could be more simple! This is the colorimetric procedure which 
has been developed to its present state of perfection and simplicity by the 
scientist. 

The study of the theoretical side of hydrogen-ion concentration is 
very complex and difficult, and should be undertaken only by one possessed 
of a thorough knowledge of dye-structure, spectroscopy, physiological 
opties, and electrolytic dissociation. For instance, in deciding on a method 
for the colorimetric determination of the PH values of a certain zone, 
many indicators must be examined and their various advantages and limita- 
tions compared. Numerous electrometric experiments of extreme delicacy 
must be patiently performed. 

However, after the proper formulas have been worked out, solutions 
of definite values can be readily duplicated by any one who has the requi- 
site technique, even though he may have absolutely no theoretical knowl- 
edge of the subject. These solutions can be used by any one who is not 
color blind and can count to ten. 

Hydrogen-ion determination, as applied to natural waters, is the 
measurement of the minute amount of hydrogen which is present in the 


* Superintendent, Filtration, Montelair, N. J., Water Company. 
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ionic state due to electrolytic dissociation. Pure water has a value of 
PH=7.0, but natural waters may vary from 6.0 to 8.0 (1 part to .01 part 
per billion). Although present in almost inconceivably small quantities, 
its determination is of considerable value because coagulation, corrosion, 
and other important reactions take place in definite zones of hydrogen-ion 
concentration. The result obtained for any given water depends upon 
the proportions of the contained amounts of certain acids and bases, those of 
greatest influence in normal supplies of this region being the free carbonic 
acid and the bicarbonates. So important are these two constituents that 
3 CO, divided by HCO; will give a rough approximation of the H-ion 
concentration. 

Although intimately related to the acidity and alkalinity, the follow- 
ing shows that it is a separate and distinct feature governed by rules peculiar 
to itself: 


“‘A liter of normal acid becomes fifth normal if we dilute it five times. 
. . . If we were to add to 1 liter of perfectly pure water of PH = 7.0, 
1 ee. of N/100 HC] the resulting solution would be about PH = 5.0... . 
If, on the other hand, we were to add this same amount of acid to a liter of 
standard beef infusion medium of PH = 7.0, the resulting change in PH 


* would be hardly appreciable.” (W. M. Clark.) 


The acidity varies proportionately, or nearly so, in all cases to the 
amount of HCl] present; the PH value becomes one hundred times as large 
in the first instance where no salts are present, and changes scarcely at all 
where there is a “buffer” present. This inhibition of PH change is called 
“buffer action,” and is of importance in several water-supply problems. 

The pioneer investigators of the early ’90’s, for reasons of their own, 
chose to express their results in terms of the logarithm of the reciprocal of 
the grams of ions present in one liter. This term is now known as the PH 
value. Tor general theoretical work where there is a wide field to be con- 
sidered, say from PH=2.0 (which is the hundredth of a gram) to PH= 
11 (which is the hundred billionth part), it is undoubtedly of considerable 
convenience. For our work which lies in the zone PH 6.0 to 8.0 (1.000 to 
.010 p.p.b.), it would appear that direct readings in parts per BILLION 
would be more readily comprehended by the practical water-works man. 
Also it would bring out more clearly that PH=7.0 is ten times greater 
than PH=8.0; which fact in itself is somewhat confusing to the non- 
mathematical mind. This term might be named the HB value, to show 
its relation to the PH values which have become accepted and will probably 
be retained in purely scientific investigations. 

The following table gives the zone of concentrations commonly en- 
countered in water supply investigations and routine analyses. Column A 
gives the PH value and Column B gives the HB value which is also the 
H+ equivalent in parts per billion, or, mathematically (H+)? or (1/H+)°. 
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(A) (B) (A) (B) 
PH Values H-ions PH Values (Hb) or 
or (Hb) or H-ions 
(Log 1, H+). p.p. bil. (Log 1/H). p.p. bil. 
6.0 1.000 7.0 .100 
6.2 .630 7.2 .063 
6.4 400 7.4 .040 
6.6 7.6 .025 
6.8 .160 7.8 .016 


8.0 


For routine work, quite accurate results may be obtained by the use 
of the sets of Brom thymol! blue standards with a range 6.0-7.6 and 
phenol red series of 6.6 — 8.2 in sealed test-tubes. Bottles of solutions of 
the two indicators, and color charts to insure that the standards are correct, 
can also be purchased for a small amount. Take 10 ec. of the water to be 
tested, add a few drops of the indicator, and compare with the permanent 
standards. Each one of us should familiarize himself with at least the 
broader aspects of this fascinating subject, and those who can do so should 
add to the data that is being collected for further study and interpretation. 

Mr. STEPHEN DEM. Gace.* The question of the hydrogen-ion con- 
centration of water is so new as a practical water-works proposition that I 
have had little opportunity to look into it. After listening to Mr. Eddy’s 
very clear exposition of its possibilities, especially in connection with 
filtration and corrosion, it has come to me that perhaps a study of the 
hydrogen-ion concentration may point the way to a solution of a problem 
which has been bothering us for some time. 

We have had trouble in the operation of one of our rapid sand filter 
plants practically ever since it was started, some ten years ago. In the 
summer we could get good coagulation using alum and soda, and make 
good water. In the winter, however, it has been very difficult to get a 
floe which we could hold on the filters. After two or three hours, the beds 
seem to become porous and the color and turbidity of the effluent would 
rise rapidly. The only way the filter operator can make good water at 
such times is to take frequent color readings on the effluent and wash a filter 
assoon as the color begins to come through. We have tried everything we 
could think of to overcome this difficulty, but so far we have failed to 
solve the problem satisfactorily, but we have always believed that the 
trouble was due to some peculiarity in the water which we were trying to 
treat. When this condition occurs again, as it is sure to occur about the 
first of December, we are going to try to work it out along the lines of this 
new theory, and hope this will prove the solution for which we have been 
looking. 

Mr. Eppy. I want to thank Mr. Green for calling attention to that- 
apparent error. I did not intend to give the impression that the isoelectric 
point is coincident with 7. In some of the work we have been doing the 


*Chemist and Sanitary Engineer, R. I. State Board of Health. 


.010 
3 
o 
| 
| 
| 
| 
| 


DISCUSSION. 393 


isoelectric point is about 3.5. The isoelectric point varies with the mate- 
rial which is to be coagulated and precipitated. 

Another interesting fact with reference to some materials is the so- 
called “ drift.” In the material to which I have just referred, which 
appears to coagulate best at a PH of about 3.5, which is obtained by adding 
sulphuric acid, there is a rapid drift, so that in the course of an hour or two 
the material has drifted back from 3.5, or thereabouts, to a point perhaps 
as high as 6. At this PH, the material acts in a very different manner 
from that at a PH of 3.5. It is possible to overcome this difficulty, in a 
measure, at least, by treating the material with an excess of acid, to bring 
the PH below the isoelectric point, so that the liquid will not drift back 
far beyond the point most advantageous for handling the colloids within 
the time available. 

Another rather interesting experience has been with the potentiometer, 
by means of which the PH value can generally be determined electrically. 
In certain tannery liquids, it has been found that the hydrogen electrode 
is very quickly “ poisoned,” so that it becomes absolutely useless. The 
color indicators, however, appear to give correct results. They agree with 
those obtained by the potentiometer, provided it is manipulated with 
sufficient rapidity to secure the results before the electrode becomes 
*‘ poisoned.”” While the potentiometer is not adapted for practical use 
in that liquid, there does not appear to be any reason why it would not be 
practicable for waters used as sources of domestic supply. It is, however, 
a very delicate instrument, and, as now constructed, it appears to be better 
adapted for laboratory research than for field investigations. 

A promising use for the hydrogen-ion control in the purification of 
water is in the industries where a high degree of purity or the abseuce of 
certain chemical compounds is necessary, such as in dyeing. In one such 
plant which has come under my observation, there were occasional diffi- 
culties in dyeing, for which the only explanation seemed to lie in the quality 
of the water used, notwithstanding the fact that the water was so purified 
that it did not cause such difficulties during a large proportion of the time. 
It may well be that more complete control of the hydrogen-ion concen- 
tration would provide a water so purified as to be satisfactory for the 
dyeing process at all times. 
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REPORT OF THE COMMITTEE ON STANDARD SPECIFICA- 
TIONS FOR WATER METERS. 


DISCUSSION. 


(Past President Samuel E. Killam takes the chair.) 

Mr. CuarLes W. SHERMAN. Mr. President, I assume it is not neces- 
sary to go to any extended discussion in presenting this report. It was 
printed in the June issue of the JouRNAL, page 187, and represents a very 
considerable amount of work on the part of a joint committee, consisting of 
a committee appointed by this Association and one appointed by the 
American Association. Perhaps I may take a minute to briefly review the 
appointment and work of the committees without reading the specifications. 

Mr. Robert J. Thomas presented a brief paper at our convention in 
Portland, in 1916, calling attention to the desirability of uniform standard 
specifications for meters, and as a result of his paper a committee was ap- 
pointed by our Association. In 1919 the American Association voted to 
establish a similar committee, which was done at once, with our past presi- 
dent, Mr. Saville, as its chairman. Our committee had not done much 
work prior to that time, although some correspondence had been had, but 
war conditions prevailed nearly the whole period prior to 1919 and made it 
seem impracticable to accomplish any real results, and of course all of us 
were extremely busy. 

In 1919, however, the time seemed ripe to really do something, and a 
joint meeting of the two committees was called, which was attended by 
substantially the whole membership, and at that meeting I was chosen as 
chairman of the joint committee and it was decided that the two committees 
should work jointly as a single committee. Mr. Brush, who is chairman 
of our own committee, acted as a representative of the committees in the 
sessions of the Meter Manufacturers Association, which was discussing the 
same thing, and which drafted for our consideration suggested specifi- 
cations, which of course were discussed in Mr. Brush’s presence and worked 
out in preliminary form before they came before our joint committee. We 

. discussed them in considerable detail, and they went back to the manu- 
facturers and were revised and sent to us again and were adopted in, I think, 
a form which was acceptable to every member of the committee, and, as 
far as I am informed, thoroughly acceptable to the manufacturers. 

The specifications have been made as simple and general as it seems 
possible to make them, and still we think are explicit on the points of prime 
importance. They cover only disk meters, and therefore are not a complete 
performance of the duty entrusted to the committee. We hope that we 
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shall be able to complete the work by passing on specifications for the 
current type of meter and compound meters eventually; but it seemed to 
the joint committee wiser to get a disk meter specification adopted and 
tried out at least for a brief period, before recommending other specifications 
covering other types. 

The specifications, as most of you know, were presented to the Ameri-. 
can Association at its convention this year, and were adopted without 

modification. The American has but its one meeting a year, which is the 
convention, at which such action can properly be taken, and, as you know, 
theirs came earlier than ours. 

The specifications are now submitted to this Association for action, 
and I believe that the Association is fully warranted in accepting them as 
they stand. 

Mr. J. M. Diven. I understand that the committee has discussed 
this very thoroughly and taken it up with the manufacturers, and that their 
specifications are practical. Their report is so complete and so conclusive 
that there does not seem to be any room for discussion. 

Mr. Greorce A. Kine.* I do not think that the specifications quite 
cover one point. I should like to see a clock on a five-eighths meter, the 
maximum reading on which was only 10 000 instead of 100 000. Those who 
read their meters frequently would find that a desirable feature. Probably 
those who do not read them frequently would want one whose maximum 
reading was 100 000, as the report calls for. 

Mr. R. K. Buancuarp.| Mr. Chairman and Members, — The Manu- 
facturers’ Committee was appointed at the request of your Association. 
We spent a great deal of time in preparing these specifications, and en- 
deavored in every way to meet the demands of the water-works superinten- 
dents and the operators. We changed many things in the construction of 
the meters, which made all the different manufacturers change something 
to have a uniform specification. The specification as it stands to-day, 
from the manufacturers’ point of view, is very satisfactory. 

I think that we do not appreciate how much a real standard specifi- 
cation on water meters means. The manufacturers receive specifications 
on which to bid on meters, and I venture to say there are not two specifi- 
cations which are exactly the same, both as to tests of meters and 
construction, and in this specification your committee has demanded of the 
manufacturers a meter that will answer all general requirements as to test 
and construction, and as far as the manufacturers are concerned the 
specification as it stands is very satisfactory. It protects not only the 
water-works operators, but also gives the manufacturer a definite goal 
which he has got to meet; and the manufacturers, I am sure, would be very 

glad to have this specification adopted. And on that point I hope that we 


* Superintendent of Water Works, Taunton, Mass 
+ Chief Engineer, Neptune Meter Company 
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can in some way get this specification before the members of the New 
England Water Works Association so that they will use it. 


[It was voted that the report of the Committee on Standard Specifi- 
cations for Water Meters be accepted and adopted, and the committee 
_continued.] 
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. July, 3.93; October, 3.27. 


RAINFALL IN NEW ENGLAND. 


RAINFALL IN NEW ENGLAND. 


Corrections in tables published in June, 1921, JouRNAL: 
Bloomfield, Vt. Average rainfall should read: July, 4.95; November, 
2.26; Annual, 37.85. 

Cavendish, Vt. Average rainfall should read: December, 2.75; 
Annual, 36.49. 

Wilmington, Vt. Average rainfall should read: January, 3.28; 
February, 4.23; March, 4.43; April, 2.12; May, 4.80; June, 4.40; July, 
2.44; August, 4.33; September, 4.74; October, 4.42; November, 4.19; 
December, 4.28; Annual, 47.66. 

Ashland, Mass. Average rainfall should read: October, 3.43; 
December, 3.87. 

Bedford, Mass. Average rainfall should read: May, 3.12; July, 3.35. 

Danvers, Mass. Average rainfall should read: August, 3.06; Sep- 
tember, 3.17; December, 2.92. 

Hingham, Mass. (Accord Pond.) Average rainfall should read: 
January, 3.29; May, 3.74; July, 3.67; September, 6.48. 

Leicester, Mass. Average rainfall should read: May, 3.39; Annual, 
43.38. 

Warren, Mass. Average rainfall should read: April, 3.35; July, 
4.65. 

Williamsburg, Mass. Average rainfall should read: April, 3.71; 
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AWARD OF DEXTER BRACKETT MEDAL. 


Mr. Samuet E. Mr. President and Fellow-Members, — 
We again meet to honor the memory of Dexter Brackett, whose wise 
counsel and sound advice were always acceptable to and respected by the 
members of the New England Water Works Association. 

Mr. Brackett was born in 1851, elected a member of this Association in 
1885, its president in 1890. His deep inierest in the organization continued 
unabated until his death in 1915. 

You will recall the tall, kind-hearted man who made many and valuable 
contributions to water-works literature, all of which are recorded on the 
pages of our JOURNAL. 

It was my good fortune to serve many years under the direction of this 
honest and clear-headed engineer. 

It is now my pleasure, as chairman of the Committee on Awards, to 
present the Dexter Brackett Memorial Medal for the most meritorious 
paper published in the JourNat for the year 1920. 

It is needless for me to say to you who have studied this volume of the 
JOURNAL, that it was by no means an easy task for your committee to make 
its recommendation to the Executive Committee, but, in compliance with 
Rule 4, under which this award must be made, namely, ‘‘ The medal shall be 
awarded for the paper which is judged to be most meritorious, bearing in 
mind its applicability to general water-works problems,’’ we decided that 
the paper entitled “‘ Lead Poisoning by Water and Its Prevention” was 
the best paper published in 1920. 

I, therefore, take great pleasure in presenting to Robert Spurr Weston 
this medal. It is needless for me to say more, as the article speaks for it- 
self of the time, thought, and study required in its compilation. « 

In the absence of Mr. Weston, I will turn this medal over to the 
President for safe-keeping. |Handing medal to President Sherman.] 
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MEMOIR OF CHARLES EDWIN HABERSTROH. 


Born in Boston, Mass., February 14, 1849. 
Died at Framingham, Mass., September 24, 1921. 


Mr. Haberstroh joined the New England Water Works Association 
January 10, 1900, but was not a frequent attendant at its meetings. He 
was attached to the Sudbury system of the Boston Water Works as engineer, 
later coming under the control of the Commonwealth of Massachusetts, 
from 1874 to 1919, when he was retired. His most fitting eulogy is the 
resolution passed by the Metropolitan Water and Sewerage Board on his 
retirement, which we quote in full: 


“Tn the retirement of Charles E. Haberstroh, superintendent of the 
Sudbury Department, which occurred February 13, 1919, the Board feels 
that the Commonwealth has lost a capable and faithful servant, who has 
rendered useful and important service in the construction and maintenance 
of the Metropolitan Water Works. Mr. Haberstroh was connected with 
the Water Works Department of the City of Boston for many years prior 
to the acquisition of the works of the city by the Commonwealth, and had 
a comprehensive and practical knowledge of the Sudbury Department, of 
which he was appointed assistant superintendent by the Board at the time 
of the taking of Boston’s water works, in January, 1898. In February, 
1907, he was promoted to the superintendency because of his knowledge of 
the Sudbury Department, and held the position until his retirement. His 
employment of more than twenty-one years has been characterized by 
faithful devotion to the work with which he was entrusted and untiring 
zeal in the discharge of the many and arduous duties devolving upon him. 


Freperic I. WINsLow. 
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Smith, Gordon Z. The control of water waste by house-to-house inspection. 322, Dec. 
Standardization of threads for fire-hose couplings and fittings, Recent progress in the. 
By F. M. Griswo_p. 43, Mar. 
Standpipes. 
Cleaning and painting standpipes. By CHARLES W. SHERMAN. 51, Mar. 
The repairs to the standpipe at Bath, Me. By CLARENCE E. CARTER and WALTER 
F. Aspotr. 318, Dec. 


Thompson, G. Wilbur. Relation between plumbers and water-works superintendents. 


107, June. 
Typhoid fever epidemic at Salem, Ohio, The. By W.H. Ditror. 335, Dec. 


Vibration in hose, producing heat. Topical discussion. 42, Mar. 


Waste restriction. 
The control of water waste by house-to-house inspection. By Gorpon Z. SMITH. 
322, Dec. 
Waste restriction in Boston. By FRANK A. MCINNEs. 34, Mar. 
Water distribution in connection with plumbing and action of water on metal. By 
Davip A. HEFFERNAN. 123, June. 
Whipple, Prof. George C. Geneva. 19, Mar. 
The need of uniformity in plumbing regulations. 117, June. 
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ADVERTISEMENTS. 


FRANK J. GIFFORD, Sec’y, 
715 Tremont Temple, Boston, Mass. 


$.75 
Dear Sir : Enclosed please find 1.50 in payment of charge for Certificate - 


of Membership in the N. E. W. W. Association ($1.50), and Mem- 
bership Button ($ .75), which please mail me and oblige 


Yours truly, 
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ii ADVERTISEMENTS. 


Dependable water supply 
16,000 FEET OF “UNIVERSAL” 
giving perfect service 


Biltmore. N. C. 


no packing _—no calking ___ no bell holes 


393 THE CENTRAL FOUNDRY COMPANY 


SOWEST STREET, NEWYORK.N.Y. 
Sales Offices: New York, Chicago, Atlanta, Dallas, San Francisco 


ADVERTISEMENTS. 
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TWIN LINE 72” PENSTOCK 


LOCK JOINT PIPE 
Ideal for WATER LINES 


Every Joint an Expansion Joint 


PERMANENT CONSTRUCTION 


Lock Joint Reinforced Concrete Pipe 


WILL NOT RUST, ROT NOR BURN 


Standard Culvert and Sewer Pipe, 12” to 48’, in stock for 
immediate shipment 


LOCK JOINT PIPE COMPANY 


Main Offices and Works, AMPERE, N. J. 


Branches: DENVER, KANSAS CITY, SEATTLE 
ST. JOHN, N. B.. TORONTO, ONT., CANADA 
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The Hersey Disc Meter, Model HF, is the product of thirty-five years 
of experience and refinement in the manufacture of water meters. 

This model in the smaller sizes, together with Model HD in the 
larger sizes, forma series which excels all meters of all makes in all those 
essentials which go toward making up an exceptionally desirable meter. 


HERSEY MANUFACTURING COMPANY 
Main Office and Works: E and 2d Sts., SOUTH BOSTON, MASS. 
BRANCHES 


New York, N.Y. ... . . 296 Broadway CotumBus, . . . 211% Schultz Building 
PHILADELPHIA, Pa, CuicaGo, Inu. . . . . 10 So. La Salle Street 
132 Commercial Trust Building ATLANTA, GA. . . . 618 Hurt Building 


San Francisco, Caurr., 742 Market Street 
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ACCURACY, LONG LIFE, 
Avoidance of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


* LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT” meter. 
Where ** LAMBERT” meters are selected, success is assured. 


THOMSON METER CO. 
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A Trident for Every Service! 


WHY are there more than two 
million TRIDENTS in service ? 


There is only one reason,— TRIDENTS are more continuously accu- 
rate, more durable, more economically maintained. They are the best 
meters. Don’t stint quality — you need the best for your services! 
Have you seen our latest development, —the Trident (enclosed) Gear 
Train > 


NEPTUNE METER COMPANY 
50 EAST 42d ST., NEW YORK CITY 
Atlanta Boston Chicago 


Cincinnati Denver Portland 
San Francisco Los Angeles Seattle 
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** ARCTIC” 
(Frost 
Bottom) 


Water Meters 


“*KEYSTONE- 
COMPOUND” 


“UTILITY” 
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INLET 


Why Try To Fill A Basket With Water ? 


A hopeless job, isn’t it? Yet many municipalities 
are even now trying to do what amounts to the same 
thing, to fill economically a badly leaking water 
distribution system. The 


VENTURI 


Waste Detector 


Prevents the possibility of any such hopeless en- 
deavor over an extended period of time, because 
it indicates quickly, and with convenience, any 
serious leakage or waste which is occurring in the 
limited section under test. 


LITERATURE ON REQUEST 


Builders Iron Foundry 


** Builders of the Venturi ’’ 


PROVIDENCE RHODE ISLAND 
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AMERICAN AND NIAGARA 


WATER METERS 


5/8 INCH 
NEW 


5/8 INCH 
N 


Niagara and American Meters are of the dise type. 
The Niagara Meter has a galvanized cast-iron outside 
casing; the American Meter has a bronze main casing 
with either a bronze base or a galvanized cast-iron base. 
The works in the three different casings are the same 
and interchangeable. Upon opening the meter at the 
bolted flange, each intermediate gear may be imme- 
diately removed from its bearing, the measuring cham- 
ber lifted from its seat, the strainer slipped out, or the 
register tried by turning the stuffing box gear. All sub- 
merged working bearings are protected against sand 
and sediment. The hard rubber measuring disc is 
reinforced with a metal plate. Purchaser has option 
of round reading or straight reading register indicating 
cubic feet, U.S. gals., imp. gals. or litres. 


PL TES 


Gi 


Reading Reading 


BUFFALO METER CO. 


ESTABLISHED 1892 
2896 Main Street BUFFALO, N. Y. 
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AMERICAN 

WATER 
METER 
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UNION WATER METERS 


King Model ‘‘B”’ Disc Meter 


WATER METERS 


cannot be any better than their gear trains, and the life 
of the gear train is determined by its ability to with- 
stand corrosive conditions. 


Hard rubber bushed spindles, intermediate spur gears 
of hard rubber and phosphor bronze have been a feature 
of Union Water Meters for forty years. In recent | 
years this has been further perfected by the adoption | 
of Monel Metal for spindles and screws. | 


The buoyancy of rubber spur gears renders the meter 
more sensitive and minimizes wear. 


Makers of Approved Water 
Works Specialties since 1868 


Union Water Meter Co. 


WORCESTER, MASS. 
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EMPIRE 


WATER METERS 


POSITIVE DISPLACEMENT, OSCILLATING PISTON TYPE, 
PROVED BY THIRTY YEARS OF SUCCESSFUL SERVICE 
UNDER EVERY WORKING CONDITION 


The real value of ameter 
can only be learned by 
putting it through a long 
course of hard work; and 
it is only by adding the 
maintenance for all that 
time to the original price 
that the true costis known. 
Apply both these tests rigidly 
to the EMPIRE, and you 
will quickly see why it is 
THE MOST ECONOMICAL AND BEST REVENUE 
EARNING METER ON THE MARKET 


If you are looking for a meter that lasts; that keeps its close 
accuracy for years; that isn’t always “stopping” and that costs 
less to maintain than any other, investigate the EMPIRE. 


Made in all sizes, 5/8” to 6" inclusive 


SEND FOR FULLY DESCRIPTIVE CATALOGUE 


NATIONAL METER COMPANY 


299 Broadway Established 1870 New York City 


CHICAGO, ILL. : 2626 S. Park Ave. BOSTON, MASS.: 287 Atlantic Ave. 
CINCINNATI, O.: 415 Sycamore St. ATLANTA, GA.: 251 Ivy St. 
SAN FRANCISCO, CAL.: 141 N. M’tgmry St. WINNIPEG, MAN. 111 Ethelbert St. 


Makers also of Crown, Gem, Nash, Empire-Compound and Premier Meters 
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ATTENTION 


WATER WORKS 
OF NEW ENGLAND 


A few reasons why we solicit your inquiries on Water-Works 

Pumping Equipment: 

First. — We make a specialty of furnishing Complete Water-Works 
Pumping Units of all types. 

Second. — Total responsibility of installation is assumed by us. 

Third. — We relieve the purchaser of every detail and turn the 
complete unit over to him under actual operation and with 
guarantee. 

Fourth. — Every unit installed to date has beaten its guarantee and 
has been completely accepted. 


Turbine-driven Pump at the Arlington Station of the Metropolitan 
Water Works, Boston, Mass. 


F. A. Mazzur & Co. 


141 MILK STREET, BOSTON 
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Complete Water-Works Pumping Plants 
BOILERS STOKERS STACKS SUPERHEATERS 
ECONOMIZERS FEED HEATERS CENTRIFUGAL PUMPS 

AIR PUMPS 


WATER WORKS CONDENSERS 
FEED PUMPS FILTERS FOOT VALVES 


nnnng 


OY 


Above illustration shows the general arrangement of a 5 000 000 
G.P.D. centrifugal pump for 237 feet dynamic head and driven through 
reduction gears by a multi-stage Steam Turbine, exhausting into a dis- 
charge type water-works Surface Condenser with horizontal air and con- 
densate pump underneath same. Installed by us in the City Water Works, 
Woburn, Mass., to plans and specifications prepared by H. M. Haven & 
W. W. Crosby, Engineers, Boston, Mass. 

Duties of from 100000000 to 150000000 foot-pounds per 1000 
pounds of steam used are obtained with such installations; the exact duty 
depending upon size, head, steam pressure, superheat and vacuum. 

Installed costs are from one fourth to one third that of a reciprocating 
pumping engine, and overall economy, little, if any, less. 

Where current is available and electric pumping desirable, we can 
furnish motor-driven Centrifugal Pumps, single or multi-stage, depending 
upon head. 

WE INSTALL COMPLETE WATER-WORKS PUMPING 

EQUIPMENT FROM COAL PILE TO DISCHARGE MAIN. 


ONE CONTRACT, ONE GUARANTEE, ONE RESPONSIBILITY. 


Starkweather & Broadhurst, Inc, 


SALES ENGINEERS 


Main Office Western N. E. Branch 
79 Milk Street, Boston, Mass. 387 Main Street, Springfield, Mass. 
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PLANT EFFICIENCY —77% ON 1-YEAR RUN 
WIRE TO WATER 


HAYES PUMP AND MACHINERY CO. 


94 PEARL ST., BOSTON, MASS. 


Pumping Plant Contractors 
CENTRIFUGAL, POWER, STEAM PUMPS 


STEAM TURBINES ELECTRIC MOTORS 
WATER WHEELS OIL ENGINES 
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Over Fifty Million People in 
North America Daily Drink 
Water Chlorinated by 
W &T Apparatus 


And by so doing are protected 
against water-borne disease. 


In 1913 an Urban population of 16,- 
500,000 people were supplied with 
filtered water and the typhoid fever 
death rate was 16 per 100,000. 
At the close of 1920 an Urban popu- 
lation of over 50,000,000 people 
were supplied with CHLORINATED 
water (some of which was both fil- 
tered and chlorinated) and the ty- 
phoid fever death rate had dropped 
to § per 100,000. 
What further proof is needed of the 
efficacy of modern methods of water 

1x of the fifty million live in New York City. we, erie 

W&T. protects every drop of contol: 

water supplied to the metropolis. This 

is one of the W& T installations on 
New York’s water supply, 


application of minute quantities of 
Liquid Chlorine (the 100% steriliz- 
ing agent) is the standard water 
purification equipment. 

How about your community? Our 
booklet “Why Chlorinate Water?” 
will be mailed to any address on 
request. 


Wallace & Tiernan Co., Inc. 


Manufacturers of Chlorine 
Control Apparatus for the disinfection 
of sewage and for swimming pool 
sterilization and WT Equipment 
for paper and textile bleaching. Also 
the Booth Dry Feeder for the ap- 
plication of pulverized chemicals. 


Newark, New Jersey 
Brancu Orrices 
Chicago - Atlanta - San Francisco 
Pittsburgh - Dallas - Kansas City 
Toronto, Canada 
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Are You Protected 


by that insurance of service in delivery that is only 
possible where any size container can be provided ? 


Our container equipment which includes cylinders, 
ton drums and tank cars, is a sufficient guarantee 
against any delay in satisfying your requirements. 


Clectro Bleacl 
PIONEER MANUFACTURERS of | LIQUID CHLORINE. 


Plant: NIAGARA FALLS, NY. 
Main office 18East 41= Street New York Chicago office 11 So. La Salle St. 


Health and Protection First 


Water delivered through dirty pipes 
may be a MENACE. © 


Incrusted water pipes mean inefficiency 
and loss of Fire Protection. 


We Guarantee the Results of Our 
Method of Cleaning. 


WRITE US. 


National Water Main Cleaning Co. 
50 Church Street New York City 


| 
4 
| 
| 
| 
| 
| 
| : 
2 
| 
| 
| 
| 
| 
| 


ADVERTISEMENTS. 


THE ANDERSON 


PIPE CUTTER 


FOR 


IRON 
PIPE 


4 inch to 24 inch 


HAS GIVEN YEARS OF 
DEPENDABLE SERVICE 


Tucker Tool & MachineCo. 


MURRAY STREET, NEW YORK 


SOLE MANUFACTURERS 
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NICHOLAS S. HILL, Jr. S. F. FERGUSON | | 
HILL @ FERGUSON 
Consulting Engineers 
Water Supply — Sewage Disposal 
Hydraulic Developments 


Reports, Investigations, Valuations, Rates, 
Design Construction,Operation, Management 
Chemical and Biological Laboratories 
112 EAST 19th ST. NEW YORK CITY 
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METCALF & EDDY 


14 Beacon Street, Boston, Mass. 


WATER SUPPLY AND SEWERAGE 
Design Construction 
Supervision Management 
Reports Valuations 


CONARD & BUZBY 


Assoc. Mem. Amer. Soc. C. E. Assoc. Amer. Soc. M. E. | 


322 High St., Burlington, N. J. 
Inspections and Tests of Materials 


Reports Specifications 
Designs Inspections 
Tests | 


We Carry in score STOCK for Immediate 


pment 


_ CAST IRON BELL AND SPIGOT 


WATER PIPE AND FITTINGS 


| FLANGED PIPE in full and short lengths 


WROUGHT PIPE 
FRED A. HOUDLETTE & SON 


(Incorporated) 
93 Broad Street, Boston, Mass. 


Quotations furnished promptly for shipment 


from Foundry 


Valve Co. 


NEPONSET, MASS. 


Sluice Gates, Gate Valves and Fire Hydrants 


HENRY A. SYMONDS 


Consulting Engineer 


70. Kilby Street, Boston, Mass. 


WATER SUPPLY 
Surveys — Estimates — Designs 
Supervision 
MANAGEMENT AND ORGANIZATION 

EFFICIENCY REPORTS 


Standpipes 
Water Tanks 
Gas Holders 


and all other metal surfaces 
need the protection of 


DIXON’S 
Silica-Graphite 
PAINT 
BOOKLET NO. 87-8 
JOSEPH DIXON CRUCIBLE 
CO. Jersey City, N. J. 


Mattapan Sq., Boston 26, Mass. 


GEO. A. CALDWELL CO. 


Water Works Brass Goods 


BUFFALO AND ERIE 
Curb and Valve Boxes 


REDUCING, REGULATING & RELIEF VALVES 


H. W. CLARK CO. 
1740 Broadway Mattoon, Ill., U.S.A. 


Branch Offices: 
New York Memphis San Francisco 
Salt Lake City Buffalo Chicago 


Manufacturers of the _well- 

RaQ known CLARK METER BOX, 
maintaining uniformity forboth 
large and small meters. Stand- 
ardization in meterinstallations 
saves you money. Everything 
for the Water Works. 


Write for new catalogue No. 20. 


XViii 
{ 
| 
| 
| 
| 
| 
| 
| | 


ADVERTISEMENTS. 


REVOLVING 
MULTIPLE COCK 


va 
VALVE SPINDLE 


DJUSTAB 
TER REST gacy ppessurd [ADAPTERS 
vauve TABLE 


|TABLE DRAIN 


The People Demand Increased Efficiency 


You can make sure your Department gets full revenue 
for every gallon of water used—by seeing that all meters 
are regularly tested for accuracy—with the 


Mueller Water Meter Tester 


The Mueller will prove exactly what each meter does 
—will enable you to adjust each meter to absolute accu- 
racy—will save more than its cost year after year. Used 
and endorsed by leading municipalities. The name 
Mueller guarantees both Quality and Service. 

Detailed description and prices on request. 


H. MUELLER MANUFACTURING Decatur, Iilinois 


Phone Bell 153—Auto 2131 
Water, Plumbing and Gas Brass Goods 


New York City, 145 W.30thSt. — Phone, Madison Square 5397 
San Francisco, 589 Mission St. — Phone Sutter 3577 


TA 
. Sas 
| 
: 
= 


ADVERTISEMENTS, 


R. D. WOOD @ CO. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS ‘ 
PUMPING ENGINES. Cast Iron P ipe 


CUTTING-IN TEES 


Old Way 


Connections economicaliy and eas- 
ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary 
work and material. 


. “Reduced Specials” 


Cost of fittings reduced from 25%, 
to 50%. Full strength. Deep bells. 
Convenient to handle. Sold by 
the piece, 


Mathews 
Fire Hydrants 


A half century of use has established ti..ir reputation as 
being the most economical, durable and simple hydrant, 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO. STANDARD 
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KENNEDY 
VALVES 


Kennedy Water-gate Valves are built on 
sound engineering principles — straight- 
way passage of full pipe diameter, parallel 
brass seats and disc faces, double discs and 
wedging mechanism, inside stationary 
stem, independent stem nut, stuffing box 
that can be packed under pressure, and 
perfect operation in any position. And 
Kennedy Valves have been proving their 
excellence of construction for almost half 
acentury. Send for Catalog 


Vv 


THe KENNEDY VALVE 
Mra. Co. 


Branches: New York, 95 John St.; Boston, 47 
India St.; Chicago, 204-8 N. Jefferson St.; 
San Francisco, 23-25 Minna St. 

Sales Offices: Philadelphia, Kansas City, Salt 
Lake City, Seattle, Portland, Ore.; El Paso, 


Winnipeg. 
Export Office: 95 John St., New York City. 


We make Pressure Regulating Valves 
WATER for all purposes, steam or water. 


FILTERS © | Our Feed-Water Filter will keep oil 
REGULATORS out of your boiler, 


We can interest you if you use a condenser, 


& ENGINES | | Water Engines for Pumping Organs Ik. 
THE Ross VALVE MFG. Co. Standard oA 


or parlor organs. 


TROY, N. Y. 


They set the Pace 


ASHTON POP VALVES 
and... STEAM GAGES 


Superior in Quality of material and workman- 
ship, and with greatest efficiency and durability, 
they challenge comparison with any others on 
the market. Send a trial order subject to ap- 
proval ONLY IF SATISFACTORY, and thereby prove the claims made for 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


‘The ASHTON VALVE CO., 64 Fist Stret, EAST CAMBRIDGE, MASS. 


No. 74. Recording and 
Indicating Gage. 


Stationary Boilers. 
S.D.M.) 
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LUDLOW VALVE MFG. CO, 


MANUFACTURERS OF 


Me VALVES and FIRE HYDRANTS 


This hydrant is anti- freezing, because 
* when the drainage is good no water is left 
in it to freeze. 


The drip is directly in the bottom of the 
hydrant and drains perfectly. It is protected 
by its valve, which never leaves its socket 
and cannot be clogged. 


DOUBLE AND f FIRE 


SINGLE GATE 
VALVES, HYDRANTS. 


ALSO CHECK 


VALVES, vino, was 


VALVES. HYDRANTS. 
SEND FOR CIRCULARS 
OFFICE AND WORKS: FOOT OF ADAMS STREET. TROY, N. Y. 


BRANCH OFFICES: 


NEW YORK PHILADELPHIA BOSTON PITTSBURGH CHICAGO KANSAS C!TY 
62 GOLD sT. HARRISON BLOG. 112 WATER ST. ISTNAT. BANK BLDG. THE ROOKERY R.A. LONG BLOG. 


Efficient Superintendents 
who want the 
“Best in Valves” 
buy 


RENSSELAER 
VALVES 


Catalogue ‘‘F’’ for the asHing 


Send your Inquiries to 


CHARLES L. BROWN 


Lock Box 2 Northboro, Mass. 


NEW ENGLAND REPRESENTATIVE OF THE 


Rensselaer Valve Co. Troy, N. Y. 
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THE CHAPMAN 
VALVE MANUFACTURING 
COMPANY 


Manufacturers of 


Gate Valves Drip Valves 
Gate Fire Hydrants 
Corporation Cocks Curb Cocks 


Anderson Couplings 
Lead Pipe Connections 


WRITE FOR OUR WATER-WORKS CATALOG 


Main Office and Works 
Indian Orchard, Mass. 


BRANCH HOUSES 


BOSTON, MASS. NEW YORK CITY PHILADELPHIA CHICAGO 
141 High St. 180 Lafayette St. 1011 Filbert St. 116 N. Jefferson St. 
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RUBBE FACED) 


Section of Paralle! Seat-Valve 


Hydrant with i 
Independent Nozzle Cutoff 


Hydrant with Water Crane with 
Water Crane Attachment. ingicator Post, Automatic Drip Valve 


All Goods made by the EDDY VALVE COMPANY are 


Varve Open-Drip GLosep manufactured exclusively at WATERFORD.N.Y..U.S.A. 
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Section of Taper Seat-Valve. | 
Section of Vertical FootValve. | 
Section of Vertical CheckValve \¥ 
Horizontal Check-Yalve : Vertical Foot-Valve. : 
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EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MANUFACTURERS 
OF 


CAST 
IRON |@ 


PIPE 


Special Castings for Water and Gas. 
Also Flange Pipe, Street Castings, 
Manhole Heads and Covers, etc. 


EMAUS, 
JouN D. ORMROD, President LEHIGH COUNTY, PA. 


G. EB 
- Secretary and Treasurer. 


WATER WORKS 
SUPERINTENDENTS! 


Is your per capita consumption too high ? 
Do you account for less than 85% of your pumpage ? 


Are you receiving full revenue from your manufactur- 
ing consumers ? 


If any of these problems confront you, write us at 
once, without obligation, and let us tell you about 
our PITOMETER SURVEYS. 


THE PITOMETER COMPANY 
50 CHURCH STREET 
NEW YORK CITY, N. Y. 
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The 
Triumph 
of the 
Bell-and-Spigot 
Joint 


Thirty thousand feet — 2,500 bell 
and spigot joints — of U. S. Cast-Iron 
Pipe —laid over rough country — 
granite bowlders — sharp dips of from 
12 to 20 feet under water — and all 
without a special casting or a bend of 
any kind. 


Such is the latest story of Cast-Iron 
Pipe efficiency — and the efficiency of 
the good, old-fashioned bell-and-spigot 
joint. 

There were 2,500 joints, and out of all 
that multitude only three showed slight 
signs of leakage when the line was 
tested. 


At one point the line dipped through 
a lake, dropped 20 feet under water, 
then rose to the shore on the other side. 
The lake was narrow, — we'll show you 
a picture of that later, — so you can 
imagine the tremendous strain to 
which those joints were subjected. 
With that in mind just recall that only 
three joints out of 2,500 showed even a 
slight leak. Some 2,497 joints perfect, 
in spite of the rocky-road-to-Dublin 
conditions almost everywhere. 


Where was it? Medicine Canyon, 
Okla. What pipe was it? The pipe 
with 250 years’ service record back of 
t,— 


24” Line looking South from Dam through Medicine 
Canyon. 


UNITED STATES 

tron PIPE 
COMPANY 

762 E. Pearl St., Burlington, N. J. 


SALES OFFICES 


burgh — Henry iver Building. 

New York — 71 Broadway. . 
Chicago — 122 South Michigan Boulevard 
Cleveland, Ohio — 1150 East 26th Street N.E. 
St. Louis — Security Building. 

Birmingham, Ala. — American Trust Building. 
San Francisco — Monadnock Building. 
Buffalo — 957 East Ferry Street. 

Minneapolis, Minn. — Plymouth Building. 


U. S, CAST IRON 


“THE PIPE THAT OUTLASTS THE AGES” 
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ADVERTISEMENTS. 


THE A. P. SMITH MANUFACTURING CO, 


EAST ORANGE, N. J. 
Manufacturers of 
Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 

Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


NICHOLAS ENGEL e 
JOHN FOX @ CO. 
CAST IRON 
WATER @ GAS PIPES 
. FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


use 


LEAD-LINED TRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield Mass. 
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Edson Manufacturing Co. 
375 BROADWAY, BOSTON, MASS. 


This Engine is built 
for Diaphragm Pumps 
by the makers and in- 
ventors of the Pump. 


Fifty years’ experience. 
is behind it — reliable 
as the original pump 
you have known for 
years. 


Now in use by many 
of the Water Depart- 
ments. 


— Mounted on Skid or 4- 
‘On the Top Wheel Hand Truck, also 


NO. 1 AIR-COOLED GASOLINE ENGINE either Battery or Magneto 
Can be attached to any Diaphragm Pump [gnition. 


Warren Foundry and Machine Co. 


SALES OFFICES 
11 BROADWAY, NEW YORK 


201 DEVONSHIRE ST., BOSTON, MASS. 
Telephone, Fort Hill 5951 


CAST IRON PIPE 


Bell and Spigot Flanged Pipe 
Special Castings 
Flexible Joint Pipe Cylinders 


Water Gas Sewers Culverts 


Works, Phillipsburg, N. J. 
LARGE STOCK ENABLES US TO MAKE QUICK SHIPMENTS 
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ADVERTISEMENTS. 


Twelve Reasons Why 
YOU SHOULD USE 


Registered U. S. Patent Office 


FOR 
Jointing Water Mains 


DURABILITY. Leadite joints increase in strength with age. 

NO CAULKING. Leadite joints require no caulking, because 
the Leadite adheres to the pipe, making a water-tight bond. 

COMPARATIVE QUANTITIES. One ton of Leadite is 
equivalent to four tons of lead. 


LABOR SAVING. Saves caulking charges and digging of 
large bell-holes, and reduces the cost of trench pumping to 
the minimum. 

COST. Its use saves 50 to 65 per cent. over lead, owing to the 
saving effected in material and labor. 

TOOLS. As no caulking is required, fewer tools are needed. 

TRANSPORTATION. Considerable freight charges are saved 
because Leadite is lighter than lead. 

HAULING. Saves hauling expense on the work because you 
move only one fourth the weight of jointing material. 

FUEL. Saves fuel because you melt only one ton of material 
instead of four, and not as much heat is required either. 

DELIVERY. We can make prompt shipments. 

DAMAGE SUITS. Claims for damages caused by joints blow- 
ing out are prevented because Leadite joints will not blow 
out under any pressure. 


USERS. Progressive water works all over the country use 
Leadite. 


WRITE FOR BOOKLET 


THE LEADITE COMPANY, Inc. 
LAND TITLE BUILDING = — PHILADELPHIA 
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ADVERTISEMENTS. 


Chadwick-Boston Lead Co. 


162 Congress St., Boston 


Agents for 


The Celebrated ““ULCO”’ 


LEAD WOOL 


(Every Atom Pure Lead) 


For calking pipe joints under the most 
difficult conditions. 


For overhead joints, or in wet places 
where the use of molten lead is not only 
impracticable, but dangerous — LEAD 
WOOL may be employed to advantage. 
It makes perfectly tight joints to withstand 
the highest pressures, yet sufficiently elastic 
to admit of considerable sagging or settling 
of the pipe without causing the joint to 
leak. The difference in this respect, as 
compared with the poured joint, is notable. 


NO FIRE — NO DANGER — NO TROUBLE. 


Highest quality Lead Lined Iron 
Pipe and Fittings 

Also Pure Block-Tin Lined Iron Pipe and Fittings 

Lead Pipe, Tin Lined Lead Pipe, Pure Block-Tin 


Pipe, Solder Pig Lead, White Lead and Red Lead 
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ADVERTISEMENTS. XXxl 


TEN CENTS PER POUND PRICE TEN CENTS PER POUND PRICE TEN CENTS PER POUND TEN CENTS 


Jom Your Water Mains 
WITH 


TRADEMARK 


AND CUT Your EXPENSES 


50% FIRST COST 
50% SMALLER BELL HOLES 
75% HANDLING 
100% CALKING 


OUR PROPOSAL 


That the prospective users purchase a trial 
lot of 1 to 5 bags, and that this be used 
under the direction and according to the in- 
structions of our representative. 


If, after a trial, the purchaser is not satisfied 
with the material, any surplus not in use to be 
returned to the Lead-Hydro-Tite Company, and 
no charge to be made for any of the Lead- 
Hydro-Tite furnished. 


Owned, Manufactured and 
Sold by New Englanders 


Write for Particulars 


Fred A. Houdlette & Son, inc. 


Sole New England Sales Agents 
93 BROAD STREET BOSTON, MASS. 
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ADVERTISEMENTS. 


“The Goods ThatPlease’ 


KEY FOR 
TAKING OFF 
COVER. 


¥09 NOISNILX3 
UILVM 8 SVD 40 MBIA WNOILIZS 


Hays 


Corporation 


and 


Curb Cocks 


We have them to meet 
every requirement 


ORIGINAL 
‘““Hays-Erie”’ 


Extension Service Boxes 
of proven advantages 


Let us send at our risk, on 
30 days’ trial, a 
Payne’s Patent 
Tapping 
Machine 


which is recognized to be 
the most easily operated 
owing to the few working 
parts. 


Mfg. Co., PENNSYLVANIA 


Established 1869 
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ADVERTISEMENTS. 


WANTED 


Back Numbers of Journal 


One Copy Each Price $1.25 per copy 


Vol. 1, No. 4— June, 1887 

Vol. 2, No. 2— December, 1887 
No. 3 — March, 1888 

Vol. \ 3, No. 1 — September, 1888 


New England Water Works Association 
715 Tremont Temple Boston, Mass. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS. 


BOILER PLANTS, yo WATER HEATERS AND STACKS. PAGE 


CAST-IRON PIPE AND SPECIALS. 

CHLORINE GAS AND APPLIANCES. 

CLEANING WATER MAINS. 

ENGINEERS. 

ERECTORS, WATER WORKS AND POWER MACHINERY. 

FILTERS AND WATER-SOFTENING PLANTS. 


Ross Valve M’f’g Co. ..... 
(Index continued on page xrxziv.) 


BRASS GOODS. 

Caldwell, Geo. A. Co xviii 
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XXXIV ADVERTISEMENTS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued). 


FURNACES, ETC. PAGE. 
GATES, VALVES, AND HYDRANTS. 
INSPECTION OF MATERIALS. 
LEAD AND PIPE. 
LEADITE. 
METERS. 
METER BOXES. 
OIL, GREASE, ETC. : 
PIPE JOINTS. 
PRESSURE REGULATORS. 
PUMPS AND PUMPING ENGINES. 
REINFORCED CONCRETE PIPE. 
TAPPING MACHINES. 
TOOLS AND SUPPLIES. 
UNIVERSAL PIPE, 
WOOD PIPE. 
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New England 
Water Works 


Association, 


ORGANIZED JUNE 12, 1882. 


APPLICATION FOR MEMBERSHIP. 


I, the undersigned, residing at 


being desirous of admission 
into the New England Water Works Association, hereby make 


application for 


(resident, non-resident or associate) 
membership. 


Iam years of age, and I 


have been engaged in the following named work: 


I will conform to the requirements of membership if elected. 
Signed, 
Address, 


Dated, 19 


Resident members are those residing in New England; all others are non-resident. 
Entrance fee is $5.00 for resident and $3.00 for non-resident members. 
Annual dues are $6.00 for both resident and non-resident members. 
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New England Water Works Association 


is a quarterly containing the papers ‘read at the meetings, together with 
verbatim reports of the discussions. Many of the contributions are from. writers of 
the highest standing in their profession. It affords a convenient medium for the inter- 
change of information and experience between the members, who are so widely separated 


“as to find frequent meetings an impossibility. Its suecess has more than met the ex- 


pectation of its projectors; there is a large and increasing demand for its issues, and 
every addition to its subscription list is a material aid in extending its field of usefulness. 
ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL IN PART RETURN FOR THEIR 
ANNUAL DUES; to all others the subscription is four dollars per annum. 


TO ADVERTISERS 


FP RE attention of parties dealing in goods used by Water Departments is called to the - 
JOURNAL or THE New ENGLAND WarTER ‘Wonxs. ASSOCIATION as an advertising 


Its subscribers include the Water Worxs ENGINEERS and ConTRACTORS 
in the United States. The paid circulation is 950 corixs. 

Being filled with original matter of the greatest interest to Water Works officials, 
it is PRESERVED and constantly REFERRED TO BY THEM, and advertisers are 
thus more certain to REACH BUYERS than by any other means. : 

The Journal. is not published as a means of revenue, advertisements being inserted _ 
solely to help meet the large expense of ; publication. ; 


ADVERTISING RATES. 


~ One’page, one year, four insertions 
One-half page, one year, four insertions . . Fifty-six Dollars. 
One-fourth page, one year, four insertions . . Thirty-six Dollars. 
One-twelfth page (card), one year, four insertions. . .. .  . . ~~. Twelve Dollars. 

of page, 4} x 74 


A sample copy will be sent on application. 
: For further information, address, 


HENRY A. SYMONDS, 
Editor and Advertising Agent, 
70 KILBY STREET, 
BOSTON, MASS. 


Eighty Dollars. 
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COMBINATION STEEL anv WOOD 


WATER PIPE 


Look into the 
tion for wor to supervise 
this season, and | elaying of 
_ see. why: Mich. Michigan 
Co mbina- (4) Laid in a Wet Trench And 
tion Pipe is the (5) Low Repair Costs © — “Steel for — 
pipe that fits (6) -Wood 
your needs. (7) for Durability.” 
Investigate the (8) Preserves Purity of Water Pg Swat 
question and (9) Light Weigh handled) i 
learn that Mich- (10) No Electrolysis 
: Pi peat (11) Low Cost of Laying B 8 
igan can (12) Low Initial Cost 
start to leave this: (13) Greater Carrying Capacity 
jo ost as . Michigan’ Pipe’ 
soot (16) Firm. with 40}. Book with fatther 
We Help to La Lay It facts and many. 
that we willsend valuable tables, 
Michigan Pipe Company, xicnican 


Cleveland: 208 American Trust B. 
LOEFFLER, 711 Majestic Bidg., City, OKla, 
T. A. MORRISON @ CO., 204 St. James St., Montreal, Que, 


Fred A. Houdlette and 1 Son, Inc.” 


New England Representative 
93 BROAD STREET ee BOSTON, MASS. 
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